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Everyone who works with prospective science teachers 
knows that there is never enough time in a science methods course to 
deal adequately with all the essentials of science teaching. It is not 
enough merely to tell students that demonstrations are useful teaching 
devices, that grouping helps care for individual differences, that science 
teachers have responsibilities for developing skills in mathematics. 
Young teachers need to know just what constitutes an effective demon- 
stration, just how group work can be organized, just when to bring 
mathematics into the science program. 

The authors of this book have not felt themselves alone in wishing 
for more practical helps for teachers-in-training. And so they en- 
visioned a book that would give specific suggestions for teaching 
procedures. But to be really useful, such a book must do more than 
give practical aids, because young teachers must know why recommen- 
dations are made in order to use them wisely, and they need help in 
developing a philosophy that frees them from dependence upon others 
for their choice of approaches. 

The authors recognize that it is difficult to predict the conditions a 
new teaclier may encounter in his first position. He may have classes of 
twenty-five pupils or he may have classes of forty. Ho may be assigned 
a well-planned classroom or he may he asked to share a standard class- 
room with a teacher of social studies. One schn'clT system may en- 
courage him to use field experiences, while anollier forbids him to take 
his pupils from (he classroom except for fire drills. This book, there- 
fore, tries to help the beginning teacher recognize the favorable con- 


Preface 


dilions ttal might exist. At the same time it tries to show him how to 
present a satisfactory program without gas or running ‘ 

organize group activities in a room crowded with fixed, slant-top desks, 
and how to improvise equipment to supplement a meager budget. 

Much of the advice given the prospective teacher is necessarily con- 
servative. A teacher who finds himself m a rigidly formal school system 
must adapt himself or fail. Even m the most liberal of situatons a 
beginning teacher is usually wise to be somewhat formal in his ap- 
proach until he has become acquainted with his pupils and has devel- 
oped a measure of self-confidence. 

However, the book continually points out the limitations as well as 
the strengths of formal teaching techniques, and it emphasizes the 
weaknesses of a program that uses no other approaches. The book 
stresses the contributions that are made by democratic processes in the 
classroom. It shows the teacher how to add gradually to h;s program 
the liberal practices that give pupils increasing responsibility for their 


own acts. 

The book does not try to steer an inoffensive middle path between 
the extreme viewpoints held in science education today, but the authors 
insist that subject matter goals and general education goals must go 
hand in hand, implementing and complementing each other, neither 
one complete by itself. The authors cannot conceive of a science pro- 
gram without subject matter and they have no sympathy with those 
who minimize it. On the other hand they believe that the only justifica- 
tion for the time allotted to science is the change that is produced in 
the ways of thinking of young people. 

The organization of the book may need a few words of explanation. 
Tile Older of presentation is one that has been found especially useful 
when working with inexperienced teachers. The first exercises in 
planning are limited to such specifics as short laboratory exercises, 
demonstrations, brief field trips, film showings, and minor tests. After 
the students are acquainted with the basic techniques, they are shown 
how to organize these into lessons, how to organize lessons into units, 
and how to make units into complete programs. The remainder of the 
book looks ahead to the day when the teacher has developed a feeling 
of security and is ready to continue his professional growth. 

It is unlikely that the organization of this or any other methods book 
can suit everyone exactly, as teaching is such an individual matter 
Therefore each chapter of this book has been made independent of the 
others and may be used in any order with little or no cross-referencine 

Undoubtedly the philosophy of the authors is evident from the prt 
ceding paragraphs. All that remains to say is that they would like to 
see young people going into sdence teaching with a broad vision of 
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their profession and their responsibilities. The authors know that 
science teaching can be one of the most rewarding of undertakings; 
that with high aims the teacher always finds a challenge; and that with 
recognition of each small achievement as a triumph he will always find 
satisfaction in his work. 


Walter A. Thurber 
Alfred T. Collette 
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An introduction 
to science teaching 



The function of the teacher is to place pupils in situations in which 
they can learn. The teacher should keep m the background, giving 
his pupils the dominant roles in the classroom. The teacher, in addi- 
tion to knowing his subject matter, must know his pupils—their 
needs, their strengths and toeaknesses, and how the science program 
can help them. 
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WHAT SCIENCE CAN DO 
FOR BOYS AND GIRLS 


chapter 1 I A cJassbelJ rings. Thirty 
pupils hurry from the science classroom— thirty boys and girls who soon ' 
will be taking jobs or entering college or serving in the armed forces, 
thirty adolescents who soon will be adults and voting citizens, thirty 
young people who soon will be marrying and setting up homes and 
having children. 


What happened to these young people while they were in the 
classroom? Do they know a bit more about themselves? Can they now 
adjust more easily to new situations? Have they had increased prac- 
tice in meeting proh)ems? Are they a little better prepared for what 
lies ahead? 


Whatever happened to these pupils depended almost entirely upon 
the teacher with whom they spent the hour. If he recognized the po- 
tentialities of the science program and utilized them fully, his pupils 
emerged from the classroom better individuals for having entered it. 
But if he vie%ved his task narrowly, or if he refused to accept his true 
responsibilities, the time his pupils spent with him was in all likeli- 
hood largely wasted. 

Teaching is more than the presentation of facts. Teaching is the 
development of new ways of thinking— a development that reveals it- 
self in increased skills with the problems of life, in new habits of action, 
in more desirable attitudes, in a benefited personality, and in an im- 
proved character. 

A science program must be judged by its effects on individual 
pupils, not by the number of textbook pages read or the percentage 

3 
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of a syllabus covered. Science can justify its place in the curriculum 
only when it produces important changes in young people-changes 
in their ways of thinking, in their habits of action, and in the values 
they assign to what they have and what they do. 

Worn/ Cassidij, Jr., of Painted Post, Neu> York, loas sekeied as a finalist in 
the Westinghouse Annual Talent Search during his senior year in high 
school. Daring his all-expense trip to the nations capital where he met and 
competed with the other finalists, he had opportunities to talk with several 
prominent scientists. His special project, a turbo-jet engine of his own de- 
sign, attracted the attention of visiting aeronautical engineers who arranged 
for him a special trip to a plant manufacturing jet engines for Navy planes. 

To climax the trip, Harry was declared a winner by the judges of the 
Talent Search. This provided him with a generous scholarship with which 
to further his education. 


Harry has been congratulated many times for his success. Certainly 
he deserves the highest praise for the initiative and perseverance he 
displayed and his achievements should not be minimized. But looking 
into his background one soon realizes that credit is due also to his able 
and enthusiastic teacher, William Sanford of the Painted Post High 
School. 


A turning point in Harry’s life can be detected the year he met 
Mr. Sanford in ninth grade science. Mr. Sanford encouraged him to 
build a diving helmet that won a top award in a regional science fair. 
Then spurred on by success, and constantly encouraged by Mr. San- 
ford, Harry began work on a jet engine. Working after school as well 
as in his science classes, he gradually improved his design until he was 
able to build a model that astonished practicing engineers. 

It is interesting to speculate as to what might have happened if 
Harry had not come under the inHuence of Mr. Sanford. Perhaps he 
would have discovered his potentialities under any teacher. It is 
probable, however, tliat he would not have discovered them so soon 
And it is possible that \vHh a different teacher he might have developed 
a life-long distaste for science. ^ 


Success stories are not uncommon in the classes of inspiretl science 
teachers. Few of these stories are as spectacular as the one iust re 
laled, but the less spectacular are no less important to the ind viduals 
involved. 


Bob teas not a bappij boy when he came into the ninth Prarle 

lew strong interests. His teachers considered him laztf He I T 

stigmatised by a standardized test score that cLS' 1 . 

dullard with an IQ of 84. class, fed htm as almost 
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fiof early (n /«ls genrroJ sclcnrr course Boh hecamc inicrcsicd In the instal- 
laKon of electric, circuits In « inoffrf fotir-roorn hou^c comtructed of two 
omngr crates. Then he n^ked permission to install a pluwhiuf^ system. 
Working mostly on his own time, he proclded the house with rnnnlng water, 
tishiff a pressure tank, pipes, faucets, and a wdque force pump of his own 
design. 

Bob's interest In «cirnrc ond his rir«:-/oniu/ faith irj his own aldlily con- 
tinued to grow. By June he had constrticted arc lamps, electric motors, on 
clccfro»nngrjc/lc crane and other Ingenious devices. 

During his senior high school years. Boh elected both biology and physics 
despite (he pessiumm of the guidance counselor and the .school nf/minirfm- 
tion. Among Bob's accomplishments f/r/ri«g those years were a micropro- 
jeefor, an articulated fox skeleton, a split-second reaction timer, and a record- 
ing thermometer. Less tangible, hut far more Bob developed 

a realistic appreciation of his own capabitUics. And he convinced others. 
cocn the most skeptical, when he passed the New York State Regents ex- 
aminations In biology niul physics with scores of Hi percent and 02 percent 
TCspccliccUj. 

Bob's successes in science brought about complete changes in his teholc 
pattern of behavior, lie worked with greater and enthusiasm in all 

his suhfccls. lie ttw able to pass his courses and graduate from high school 
it'lf/i a good record. He then entered a technical school to study automobile 
mechanics. Today he operates his own garage and fr a respected person In 
his community. 

It is certain that there arc many other llarrys and Bobs in today’s 
schools. Some of them discover their own abilities and make successes 
of their lives. But there must be many who do not and who are there- 
fore a loss both to tlicmscivcs and to society as a wliole. 

RBSPONSiBIUTiES OF SCIENCE IN OUR SCHOOLS 

Science has added much to the world in terms of material benefits. It 
has also, however, complicated our lives so that people need special 
preparation for daily living. The secondary school science program 
is charged with a share of the responsibilit)' for such preparation. In 
addition, secondary school science as part of the general curriculum has 
its obligations toward attaining the goals of the total educational 
program. 

Responsibilities to the individual. In the United States, schools are en- 
trusted with the task of helping every Harry and Bob, and every Susie 
and Kathy as well, to become all that he or she is capable of becoming. 

The function of our schools has been described as a seven-fold task; 
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1. To help ench pupil fit himself into his society 

2 To improve each pupil’s health and personal adjustment 
3, To help each pupil appraise himself redhstically 
4 To encourage each pupil to be independent 

5. To give each pupil a broad range of eiqiloratory experiences 

6 To give each pupil skills and understandings needed for meeting the 
problems of everyday living 

7. To prepare each pupil for the experiences of later adolescence and 
approaching maturity ' 


These responsibilities cannot be apportioned out one by one to the 
several subject matter specialists in the way that separate tasks are sub- 
contracted during the building of a house. Social development can 
take place in the mathematics classroom. Young people can become 
aware of their environment during their art classes. A pupil can be 
helped with some of his personal adjustment problems by a music 
teacher. 

Science teachers should view their obligations broadly. They should 
be as interested in the social development of their charges as in their 
academic achievement. Science teachers should be as aware of pos- 
sibilities for helping young people find security as of opportunities for 
fostering their intellectual growth. Only thus can they help the Harrys 
become research engineers and the Bobs become competent me- 
chanics. Only thus can they help each young person find his rightful 
place in society. 

Obligations of the science program to society. American schools have 
a responsibility for the preservation of democracy. It is not enough to 
help individuals to a fuller and richer life. It is essential that individ- 
uals be able to contribute to the maintenance of the society in which 
they live. 

The science program of the secondary schools has a role in the per- 
petuation of democracy. Our increasing population and the develop- 
ment of machines have intensified many problems of public health and 
s.ifcty. Tlie same factors are causing a serious depletion in the supply 
of natural resources. Tlie public needs knowledge-knowledge that will 
help reduce the spread of disease and the toll of accidents knowledge 
that enables people to take better care of their possessions’ and reduce 
waste. 


As new scientific advances are made, people need basic understand- 
ings to help interpret the significance of these advances. Education 
cannot s op short with graduation but must continue through each indi- 
vidual s lifetime. The foundation for this education must be laid in the 
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public schools with the science program taking a large share of the 
responsibility. 

If a society based on science and technology is not to stagnate, there 
must be continued contributions of new knowledge. Many people are 
needed to do basic scientific research. Others arc needed to do techno- 
logical research. And many more are needed to put new discoveries 
into useful form. There must be constant recruitment of personnel for 
scientific occupations. Here again, the secondary school science pro- 
gram has a key role. 

Lastly, a democratic society needs an enlightened people who reason 
clearly, who respect others, and who understand justice. These traits 
are typical of the true scientist, with bis reluctance to jump to conclu- 
sions, his habit of weighing evidence, his tolerance and his open-mind- 
edness. The development of the scientific way of thinking in every 
young person is a solemn obligation of our schools. 

CONTfi/BUr/ONS OF THE SOENCE PROGRAM 

In imagination let us visit the classroom of a master teacher who has a 
vision of what science can do for boys and girls. 

Mr. Bayles has introduced a unit on the study oj digestion to his eighth 
grade science class. There have been discussions, text hook assignments, 
and a few demonstrations. Today, the class is broken up into small groups 
each of which is working on a special problem. 

Two girls have spread a sheet of chart paper on a large table and are now 
sketching in the outlines of a diagram of the human digestive system as 
presented in a biology book. They plan to color the organs and attach 
suitable labels. 

Three girls and a boy who have tentative interests in nursing and medicine 
respectively have volunteered to dissect the digestive system of a white 
rat. Mr. Bayles has already killed and skinned the rat. 'Now the pupils are 
studying a zoology manual to find out where to begin the incisions. 

Four groups of three pupils each are setting up simple experiments which 
they toiU later present to the class as a whole. One group is testing the effect 
of saliva on starch. Another group is testing the effect of artificial gastric 
juice on the white of a boiled egg. A third group is testing the effect of a 
commercial preparation of a pancreatic enzyme on starch. The fourth group 
is showing the emtdsification of fats. 

In the reading center of the room four hoys are looking in physiology 
textbooks for the names and functions of the several digestive enzymes. 
They plan to prepare a chart summarizing the information. 

Ttvo girls are planning a research project on conditions that affect the 
acidity of saliva. With litmus paper as an indicator, they intend to test the 
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salim of indimdmis before end after eating and drinking various foods and 
beverages. They hope the final project uM he worthy of entry in a science 

^‘"in (1 far corner of (lie room, at a workbench, three boys are building an 
electric chart that will light up when the correct answers to questwra on 
digesKon have been selected. Two of the boys are drilling the needed holes 
in a sheet of plijhaard. The third bmj is cuftiiig lengths of wire. 


Some questions immediately come to mind. What are the outcomes 
of a science period conducted in this fashion? Are the pupils learning 
basic science? Are there disadvantages in having different outcomes 
for different pupils? What would a pencU-and-paper test reveal at the 
end of the period? What other types of evaluation procedures should 
be applied to determine the effectiveness of the lesson? 

Before analyzing the lesson the nature of the pupils must be con- 
sidered. Each pupil is an individual. Each has his own characteristics 
—his own abilities, interests, and background. Although Mr. Bayles 
may bo said to have an average group, he has no average pupils. Even 
if he wished for uniform outcomes he could not possibly attain them. 
Outcomes ^viU vary with each pupil. 

Some of the pupils are doing work that is the academic equivalent 
of senior high school biology. There should he no surprise in this. In 
any unselected junior high school group there are likely to be several 
individuals of high academic ability. Such pupils need only encourage- 
ment to work up to capacity. 

At the other extreme there are pupils doing manipulative work that 
does not seem up to eighth grade standards. This should be no matter 
for surprise. In any nnsclecled group there axe apt to be pupils who 
do not work up to their academic norm. If assigned work is beyond 
their abilities, or lies outside their feeling of competence, they either 
fail or refuse to try, and do not benefit in any manner. But if they are 
assigned tasks within their known abilities, they not only succeed but 
also make important contributions to the work of the class as a whole. 

The majority of the class are working on tasks more typical of eighth 
grade pupils. At the moment they certainly are not all learning the 
same facts. But assuming that Mr. Bayles will provide opportunities 
for the sharing of information it is probable that all will emerge with a 
common core of learnings; even the academically retarded pupils will 
ha\ e Iwnefitcd by the oral reports and excellent visual aids produced 
Mr. Bayles’ classroom rcpc^cnts a type of situation that pupils like 
Tlie)- like activity. Tlicy like the excitement and the suspLse of ex 
perimonts. They like Nvorking together. Tliey like permissive assign- 
ments. 
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The problem of providing an interesting program is not one to be 
passed over lightly. Pupils have many decisions to make before reach- 
ing full maturity. They may elect advanced science courses if their 
general science courses have been challenging; they are not apt to con- 
tinue with science if they found their beginning courses dull. They 
may choose to enter scientific vocations if they have found that they 
like science class >vork; they are apt to shun this field if they found 
science distasteful. 

Mr. Bayles’ pupils are engaged in problem solving. As they work 
they encounter countless minor problems that call for analysis and 
ingenuity. These problems are similar to the problems they will en- 
counter all during their lives. They are learning to solve them through 
experimentation, deduction, reference to books, and study of analogous 
situations. 

Each of Mr. Bayles’ pupils has opportunities to explore his own po- 
tentialities. As he succeeds he gains confidence in himself. When he 
fails he notes his limitations but is not defeated by them because he 
knows that there are other areas in which he has competence. 

Each pupil finds satisfaction in his work. Each one recognizes his 
ability to carry out his specific assignments. No one is held back and 
subjected to boredom. No one is forced into competition that can only 
result in failure. 

Pupils working together under these conditions develop a healthy 
respect for each other. The class has no dividing line between suc- 
cesses and failures but is made up of different individuals with dif- 
ferent kinds of abilities. The academically brilliant pupil finds reason 
to admire the achievements of pupils with other gifts. Academically 
retarded pupils, now secure in their own successes, lose their envy of 
more fortunate classmates. 

Mr. Bayles’ classroom is able to make contributions to the social de- 
velopment of liis charges. Boys and girls need practice with social 
skills as well as information about them. In the group work which 
Mr. Bayles lias organized, pupils have opportunities to plan together, 
to present opinions and to listen to the opinions of others, to accept and 
to compromise, to allot and to accept responsibilities, to e.xert leader- 
ship, and to adjust themselves to others. 

Countless minor contributions can fac anticipated from Mr. Bayles 
lesson. Tile pupils dissecting the white rat are experiencing something 
of what they must expect if they train for medical fields. The girls 
making the chart are learning to present information in graphic form. 
The boys using the physiology books arc gaining practice with inde.xes 
and glossaries. The boys making the electric chart are developing 
skills with tools. The girls studying the pH of saliva arc using some of 
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the techniques of scientific research. The list stretches on endlessly. 

It cannot be assumed that this one lesson will produce sensatronal 
permanent clunges in individual pupils. It is the impact of this type 
of teaching day after day and year after year that slowly shapes pupils 
into the product our schools are commissioned to put out. 

Types of outcomes of the science program. The analysis of Mr. Bayles 
lesson shows that many different outcomes may be expected from a 
properly planned and conducted science program. These may be 
classified under four headings. 

First, there are the subject matter learnings- Many of these may be 
considered essential for a full and happy life today. All science learn- 
ings serve as "the foundation of understanding, the material with which 
habits of thinking and attitudes are built, the substances from which 
principles are induced.” * 

Second are the outcomes that may be classed as skills. Some of these 
are manipulative skills such as those used in working with tools. Some 
are technical skills, such as the knowledge of how to use scientific ap- 
paratus. Some are academic skills, such as those used in working with 
dictionaries, handbooks, and tables and in writing reports. Some are 
general, and include leadership skills and skills in problem solving. 

Thirdly, come the habits of thinking that may be developed through 
work in the science program. Among these are the habits of looking 
for cause and effect relationships, of using care in making observations, 
and of looking to authority for the answers to questions. Included also 
are habits of self-reliance and habits of using all the senses. 

Lastly come the cffiri<des. These range widely. A liking for scientific 
work and a dislike for sensational advertising may be given as ex- 
amples of “positive and negative” altitudes. A critical attitude to- 
wards unsubstantiated statements, a tolerant attitude towards other 
people, and open-mindedness are other attitudes that may emerge from 
participation in science classes. 


The function of subject motter. “The trend is definitely in the direction 
of using science content as a means to an end of better adjustment 
rather than as an end in itself.” * Throughout the last few decades 
there has been an increasing recognition of the dual function of science 
subject matter. Subject matter has value not only for itself but also 
for the beneficial changes that can be produced in young people as 
they deal with it. b r F 


! Miller, p E.. and Blaydes. G. W.. Methods and Materials jor TeachinP 
Biofogteal Sctences, McGiaw-Hai. New York. 1938 ' eotnmg 
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There is always danger that the subject matter specialist will fail to 
recognize this second function of the material he includes in his sci- 
ence course. He may have forgotten, if he ever realized, the part that 
subject matter played in his own development. He may assume that 
by exposing pupils to a certain amount of information, by taking them 
through a predetermined number of exercises, or by drilling them upon 
an arbitrary number of principles, he is meeting the goals of science 
education. 

The true teacher has full respect for subject matter. He knows that 
it is subject matter that pupils are studying when they set up demon- 
strations, when they plan group work, when they build models, and 
when they read books. He knows that without subject matter there 
can be no science program. 

He knows, however, that subject matter may be as important for the 
changes it produces in young people as for its own sake. So he selects 
the content of his course in terms of what it will do for his pupils. He 
then puts the subject matter to work, using all the techniques at his dis- 
posal to achieve the broad goals of the science program. 

The function of the teacher. It may be said that the task of a teacher 
is not so much to teach as to place pupils in situations in which they 
can learn. Learning, whether in the narrow informational sense, or in 
the broader sense of understanding, is largely an internal process. 
Pupils themselves must recognize problems. They must plan their 
own methods of attack. They must reason out their own conclusions. 

The teacher who thinks of himself as a reservoir of information may 
stifle rather than stimulate his pupils. The mere presentation of facts, 
one after the other, will initiate very little mental activity. The answer 
to a pupil’s question, given without any effort to challenge him further, 
may bring an end to his thinking along that particular line. 

A teacher should think of himself as a source book— a source book of 
problems that challenge pupils, a source book of suggestions for field 
work and of laboratory activities and projects that pupils may use in 
solving problems, and a source book of references to films, slides and 
Supplementary science books where pupils can find ways to solve their 
problems. Only by being such a source of ideas can the teacher 
begin to attain the goals of science education. 

ATTmUT£S OF THB SOENCE PROGRAM 

Science makes its contributions to young people in a dual role. As part 
of the general curriculum it works towards the general goals of edu- 
cation by using many of the same procedures as are used in other sub- 
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ject matter areas. As a special subject it works towards its goals with its 
own procedures. The outcomes, Irowever. cannot be distinguished and 
no attempt should be made to separate them. The ultimate objective is 
always the same-to help each person become all that he is capable 
of becoming. 

Broadened interests. Trees and stars and magnets and rust and a thou- 
sand other topics make up the science program. At every turning there 
are opportunities to strengthen early interests and form new ones. 

Under suitable conditions these strong science interests lead pupils 
into many types of fruitful pursuits. One finds young people working 
long hours in school laboratories to solve special problems. One finds 
others spending long hours in libraries following up new leads. One 
finds still others employing their evenings at home working on models 
or collections. 

Such strong interests can color the lives of young people for many 
years to come. They make school an exciting place and they enable 
science to compete favorably with athletics and social functions. The 
interest often spreads from science to other subjects, especially if 
teachers know how to capitalize on these interests, and thus make the 
entire educational program more exciting to young people. 

Strong interests, when given proper recognition, change the indi- 
vidual’s viewpoint of himself. He becomes more self-sufficient. He 
finds that others ate impressed by bis energy and enthusiasm, and his 
respect for himself increases. 

Strong interests improve a young person’s social adjustment. He 
ceases to pose. He becomes a belter conversationalist, losing self-con- 
sciousness in his enthusiasms. His enthusiasm is often contagious and 
he learns the power of persuasion. 

Strong interests, of course, help determine decisions about future 
occupations. Many a scientist has entered bis career because of the in- 
fluence of a high school science teacher or because be encountered a 
science topic of special appeal wlrile still at an early age. 

The development of strong science interests is necessarily one of the 
major goals of the secondary school science program. Strong interests 
cannot be expected to arise spontaneously; they must be planted and 
nourished. They flourish best in a classroom where pupils are treated 
as individuals and where they are given opportunities to explore and 
experiment. They are rarely developed in the classroom where mass 
instruction techniques and lock-step procedures prevail. 

An enriched background of experiences- Learning may be likened to 
rolling a snowball, which, as it grows, presents an ever-increasing sur- 
face for the accumulation of more snow. Or it may be likened to a 
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nuclear chain reaction in which the fission of one nucleus releases sev- 
eral neutrons that produce fission in several other nuclei. Learning is 
an ever-expanding process; each new experience gives meaning to 
additional experiences. The educated person is he whose experiences 
began early and continued at a rapid rate. 

Young people meet up with many different things and situations out 
of school, but these encounters may not always represent meaningful 
experiences. A person may look at a table top without seeing the grain 
or hear a bird sing without listening to the pattern of its notes. Ex- 
periences must be related to knowledge before they have significance. 

The science progi-am, which deals with so many things in the en- 
vironment, not only provides meaningful experiences within the class- 
room, but by so doing it can change the casual contacts of everyday life 
into additional meaningful experiences. 

Experiences in the science program are not limited to the things of 
science. As pupils work together in the varied activities of a good pro- 
gram they encounter social experiences as well. A teacher with a broad 
concept of his responsibilities recognizes the value of social experi- 
ences and provides for them. 

To take maximum advantage of the interaction of in-school and out- 
of-school experiences, the well-planned science program has a carefully 
considered sequence. Early experiences deal chiefly with things and 
situations the pupils encounter daily. Later experiences can then be 
built upon a base of integrated in-school and out-of-school experiences. 
These later experiences are planned to give, in their turn, meaning 
to additional out-of-school experiences. And thus the background of 
the pupils grows. 

Important subject matter learnings. Pupils emerge from the well- 
planned and well-taught science program with much needed informa- 
tion about the care of their own bodies. They have learned about nu- 
trition and reaction times and disease. They understand how to apply 
the principles of mechanics and electricity to prevent accidents. They 
recognize the contributions of public health measures and understand 
their obligations in this area. 

Through their study of themselves they have gained a knowledge of 
sex and its implications. They have developed a vocabulary suitable for 
discussing this topic with their doctors. They recognize the changes 
taking place in their bodies as natural and nothing to cause shame or 
fear. 

Pupils will have gained information about soaps and deodorants, 
about posture and balance, about color harmonies and dress. Tlicy will 
have learned how to take care of the details of personal grooming and 
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themselves. They can use trial-and-error procedures, the inductive 
method, the deductive method, and all other methods of attack. 

From their work in science pupils should learn to look for cause and 
effect relationships. They should develop the habits of deferring judg- 
ment. of weighing evidence, and drawing tentative conclusions. They 
should become critical of unsiipportetl statements but at the same time 
learn to be tolerant of the opinions of others. They should wish to test 
all conclusions and they should be willing to change their opinions 
when new evidence is presented. 

These habits and attitudes, so closely allied to science, have equal 
signtlicance in all other aspects of life. If pupils will apply them to the 
decisions that inevitably face them in their later lives-volinK bityinR 
even driving automobiles, their lives will be mnch improve?! and so- 
ciety will be greatly benefited. 

Personality development. Adolescence is a critical period in the de- 
vclopment of personality. The w.ays of childhood have been discarded 
and young people are groping towards maturity. Tl.ey are particulMlv 
sendtive to the many influences, both good and bai tha'! aernpon 

Subject matter specialists have been inclined in . -j 

namic and productive. Many a successful note 

can point to some subject matter specialist whr h “ ‘'j'; 

On the other side’of the P^Sr^tt^Tef f 
without thinking harmed many young people either b '^"? I”™ 

opportunities to develop fully or by ranrtneinn A refusing them 
hopeless failures. Pupils who Llieve^hey lack afl 
into apathy or turn to other activiHes, sometimes crP f ' 

The problem of personality development is not '‘'"“^““‘‘on. 

who are often classed as “dnk” \huy a truly briur^t”'' 
through his secondary school years never reaLinn h- youngster drifts 
does even enough in his reasitatrnetio" ct “fhm »■= 

challenge. As he drifts he develops habits thut u , 
later success. detrimental to 

The science program provides an ideal setting for the A , 
of personality. Its range of content is broad and th '‘orelopment 
■appeals to any interest. It calls for the exercise of"° “ ‘hat 

and abilities. The teacher need not be concerned w>r4''n*'' 

“diiir students but only with young people of nmny d ff’" 
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In the science program there is a place for the pupil who has superior 
academic ability; he can find unlimited challenge in the work and use 
all his skills in the solution of problems. The following list of papers 
submitted in a national science contest sponsored by the American 
Society of Metals in 1956 gives an idea of the amazing heights to which 
secondary pupils can be encouraged to go: 

The Mathematical Relations among the Axes and Axial Angles of 
Metallic Crystals 

Effect of Quenching Media of Steels 
A Bismuth Resistance Thermometer 

Applications of Advanced Mathematics to Crystallography 
Crystal Habit and Growth 
The Cadmium Sulfide Solar Battery 
Study of Decalescence and Recalescence Zones in Steel 
Chemical Corrosion of Titanium and Aluminum 
Metallurgical Studies of Mn-Zn Ferrites 
Selective Etching of Iron and Nickel 
Factors Affecting Depth of Case of Carburizing 
An Attempt to Identify the Constituents of Common Alloys by Paper 
Chromotography * 

There is an equally important place for pupils with liighly developed 
manipulative skills. Some of the most interesting exhibits at science 
shows are the models and other devices produced by pupils of inferior 
academic ability. These projects represent excellent learning activities 
in themselves and as visual aids they benefit the classmates of their 
makers. 

Artistic skills too find employment. As pupils prepare charts, models, 
and dioramas, and carry out a multitude of other possible proj’ects, they 
have opportunities to practice artistic skills and obtain high satisfaction 
in their achievements. The recognition these pupils receive for their 
work contributes much to their feeling of security. 

As pupils become engaged in the numerous activities open to them, 
they learn much about themselves. Sometimes they succeed, sometimes 
they fail. They need the successes to discover their strengths. They 
need the failures to discover their limitations. 

Success gives the pupils needed self-confidence and the desire to 
continue. Once a pupil has assured himself that he has worthwhile 
abilities he is willing to look at himself more honestly. He may regret 
his limitations but be is not defeated by them. Sometimes, as his confi- 
dence grows, he makes deliberate efforts to remedy weaknesses or to 
compensate for them. 

■* “1956 Winners, Science AcJiic^x-nient Awanh for Shulcnts,” The Science 
Teacher, May, 1936. 
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Occasional failures do pupils no harm unless they are exposed to 
condemnation and ridicule. Inability to make a bend in glass tubing, 
mistakes on a test, lack of skill with a saw-tliese merely point out to 
pupils wbat they cannot do well. U is only continued failure that 
makes an individual lose confidence in himself and wish to flee from 
the situation in which he is experiencing his failures. 


Suggested activities 

1. List the reasons why you believe science should be a part of the 
secondary school program. Then discuss yovir list with other pro- 
spective teachers and modify it as your ideas change. Save the list and 
reconsider it at the end of your methods course. 

2. Observe a science class and make a record of all the teacher 
planned activities (i.e., experiments, demonstrations, projects) in which 
the pupils are engaged. Try to determine the beneficial outcomes of 
each activib,'. Note also the situations which do not seem to produce 
beneficial outcomes. 

3. Many science teachers claim that their main job is to teach facts. 
Debate this point with other prospective science teachers. 

4. What do you think is the function of the teacher in a science 
classroom? Organize a panel discussion on this topic. 


Suggested readings 


Science in Secondary Schoch Today, Bulletin of the National Associa- 
tion of Secondary School Principals, Volume 37, Number 191 
Washington, januaiy, 1953, Chaplet 1. ’ 

Science Education in American SchooU, Forty-sixth Yearbook of the 
National Society for the Study of Education. Part I. University of 
Chicago Press, Chicago, 1947. 

Conant, James B., On Understanding Science, Yale University Press 
New Haven, 1947. ^ ’ 


Cohen, 1. B., and Watson, F. G., eds.. General Education in Science 
Harvard University Press, Cambridge, 1950. ’ 

Eckert, Ruth, The Outcomes of General Education, University of Xtin- 
nesota Press, Minneapolis, 1937. ^ 

Harvard Committee, General Education in a Free Societu 
University Press, Cambridge, 1945. 

McGrath, Earl J., S«cnce in General Education. W. C. Brown Com- 
pany, Dubuque, Iowa, 1948. 

Pierson, G. V., “The Elective System and Difficulties in College Plan 
ning 1870-1940,” (Yale) Journal of General Edticolion 4 ifix 
1949-50. ’ ’ 


Spafford, Ivol, Budding a Curriculum for General Education, University 
of Minnesota Press, Minneapolis, 1943. ’ ^ 

Wilson, Leland L., “What It Did for Nancy,” The Science Teacher 
October, 1955. ’ 
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Each autumn the science 


teacher is confronted by a group of new faces. Some of these pupils 
stand out almost from the beginning; others are more retiring. But 
eventually the teacher becomes acquainted with all of them. 

One thing is obvious immediately. A class is not a uniform structure 
nor is it made up of stereotyped personalities. Each pupil is an indi- 
vidual with his own interests and abilities and experiences. The fact 
that a few pupils seem to merge into a characterless pattern is due to a 
lack of close acquaintance; true familiarity would quickly separate 
them into distinct personalities. 

Another point becomes obvious as the year progresses. There are no 
convenient labels by which the pupils may be classified. One pupil 
may be superior in reading ability but inept with tools. A second 
pupil may be well coordinated physically but badly adjusted emo- 
tionally. A third pupil may below in general academic ability but may 
still be a joy to work with because of his interest, enthusiasm, and will- 
ingness. Each pupil has special strengths and limitations. None can be 
considered as “average,” “above average,” and “below average.” 

A third characteristic reveals itself more slowly but with equal in- 
sistence. The pupils arc constantly in a state of cJj.ingc. Tljcir bodies 
change. Their ways of tliinking change. Their personalities change. 
By the time the school year ends only the names Iiavc remained un- 
changed. 

All this variation and change should be gratifying. The world needs 

1? 
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people of different talents and interests, progress would he impossible 
it all individuals were the same. The world has a place lor each special 
type of ability. The science teachers major responsibility is the nurtur- 
ing of each specific talent to the utmost, taking each pupil from where 
he finds him, never trying to mold all pupils into the same pattern. 


RANGE Of PUPILS IN GENERAL SCIENCE 
The years of the early secondary school are the years in which 

Aal scieime a^ ^pel^'^XnlT 

teaching of the elective sciences in the senior high school.^ 

The age range. Because few children enter the „ i , r 
age of six, most seventh grade pupils are twelve v {■“ 

Table 1 shows the age range in the earlv t 7" 
younger pupils have had fn early star/or ha"'^°l'^ ’it” 
grades. The older pupils have slatted Ta or ™r ta" ttaoT'' 
sickness, or were compelled to repeat grades. 


era* 7 Cm*s Gm*8 Total 


Cfironologicdl 
Age 

17-0 to 17-5 
16-6 to 16-11 
16-0 to 16-5 
15-8 to 15-11 
15-0 to 15-5 
14-6 to 14-11 
14-0 to 14-5 
13-6 to 13-11 
13-0 to 13-5 
12-6 to 12-11 
12-0 to 12-5 
11-6 toll-11 

11-0 to 11-5 R 

® 0 0 "ft 

TABLE 1. A datributlon of the cbmeohelnl „ ^ 

a n!aT''®i‘ (d”! from ,? ?T''» Z™'" 


23 

18 

61 

51 

13 


43 

60 

78 

35 


17 

34 

84 


1 

12 

22 

41 

51 

103 

152 

134 

106 

97 

53 

14 


lABLt I. A aisuibution of the chronolo/rir^I « 

grades 7 through 9 in a junior hiBh school m from 

School, Redh-inds, California, September, igjj j* Junior Lgh 

There may be sharply increased percentages nf nW 
the eighth grades of 8-4 systems and in the^n’ 
systems because of unmet standards for advanc 
division of the system. When these systems att"^^*^^ 
grouping, the retarded pupils are generally seereSI^n^ 

S gated into one nr 
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two sections on each level. Since these pupils are usually the older 
individuals, there is a narrower age range in the remaining sections. 

Physical range. The three years of the early secondary school see the 
greatest range in physical development. In the seventh grade, and 
occasionally in the eighth grade, there are usually one or more chil- 
dren, physically speaking, recognizable by their large heads, slight 
bodies and slender limbs. But most of the pupils in the seventh and 
eighth grades are already showing the beginnings of adolescence even 
though they have not matured sexually. Most of the boys in the ninth 
grade are in these early stages of adolescence. 

A few sexually mature girls will be found in the seventh grade, still 
more in the eighth grade, and a majority of those in the ninth grade 
will have passed into puberty. Boys are slower maturing but a fair 
number of them will have become physical adolescents in the ninth 
grade. The fact that boys and girls arrive at sexual maturity at differ- 
ent times, and the fact that some individuals of each sex mature before 
others, causes endless problems for pupils and teachers alike. 

Sudden increase in size and sudden change in body proportions cause 
unaccustomed stresses on muscles and joints. Young people react by 
wriggling about and standing or sitting in odd positions. The reaction 
is normal and should be expected when pupils are required to sit 
quietly for long periods. Science lesson plans need provision for inter- 
vals of physical rc]a.\ation. Short field trips, laboratory work, and 
projects may be alternated judiciously with sedentary activities, not 
only to improve instruction, but also to provide for the physical needs 
of grooving }mungsters. 

Sudden growth is often attended by self-consciousness and awk- 
wardness. Accidents and breakage of equipment arc bound to occur. 
Problems arc apt to be especially acute when an individual is forced to 
be the center of attention. It is never wise to insist that a sclf-conscious 
individual present a demonstration or an oral report without the sup- 
port of one or more of his classmates. Self-conscious individuals usually 
work well in teams but are miserable when compelled to stand alone 
before a class. 

Throughout the period of physical change, fear and worry' about 
what is taking place in their bodies can he reduced by giving the 
pupils proper understandings. Adolescents are especially in need of 
information about ways to take care of themselves. A unit on growing 
up can be of real sers'ice. 

Psychological development range. A number of pupils enter the 
seventh grade while still children, psychologically speaking. Some are 
young in years, some are young physicidly, and .some have In'cn 
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shielded from social contacts. Most of these individuals mature 
rapidly; few children in the true sense of the word arc found in the 
)unior high school. 

General science teachers first encounter most of (heir pupils in the 
stage known as “preadolesccnce.” Girls usually pass into puberty dur- 
ing these years but some of the boys arc still prcadolescents at the close 
of the ninth grade. The eighth and ninth grades show the greatest 
cleavage between boys and girls, most of the girls having become 
adolescents while many boys remain preadolescents. Teachers have 
serious problems equating the groups. 

Preadolescence is a parlicnlarly trying stage. Young people are dis- 
carding the known ways of childhood and groping their ss’ays towards 
maturity. General science teachers need special insight, sympathy, and 
tolerance if they are to help boys and girls through this dinicult period. 
They also need a good deal of personal stability to deal with the various 
personal problems that may arise. 

All teachers in the early secondary school need a sound understand- 
ing of the characteristics of preadolesccnce and early adolescence. Be- 
low are given some of the more common characteristics observed in 
preadolescents: 

1. Restlessness 

2. Mood instability 

3. Conflict of sophistication and childishness 

4. Body anxieties 

5. Formation of peer groups of tl»e same sex 

6. Tribal warfare against adults 

7. Guerrilla warfare within the home 

8. Intensity about minor issues 

9. Awakening sex interests and smuttiness 

10. Boy-girl conflicts 

11. Ambivalent feelings toward parents, teachers, siblines 

12. Day-dreaming ’ ° 

IS. Nervous habits 

14. Desire for privacy 

15. Pride in possessions ^ 


Restlessness, of course, is troublesome to all teachers Alth 
the trait is a perfectly natural one, traditional schools of the past ha^ 
tried to suppress it. The effort has been an unhappy one for hoi 
pupils and teachers. An easier solution is to provide variety in tl 
program, using many different types of activities and altetnatii 
activities of completely different nature with each other Giggl 

1 Adapted from Wattenberg. W. W., The Adolescent Years IIq* r. 

New York, 1955. ’ Brace. 
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shouts, and squeals, perhaps at the climax of a demonstration, are 
expected, planned for, and recognized as important ways to relieve 
tensions. 

Young people like to manipulate materials. A boy may enjoy watch- 
ing an electric motor run but if he has the opportunity he will soon be 
handling it— slowing it with his finger, starting it, stopping it, perhaps 
taking it apart. Girls show less interest in mechanical things, probably 
because of cultural influences, but they like to experiment with chem- 
icals and biological materials, and they usually enjoy making charts, 
clay models, and posters. 



Most tjoung people like to work with close friends on such special activities 
os preparing and presenting a demonstration. Some pupils will do far more 
as members of groups than when working alone. Science teachers should 
take full advantage of this characteristic and try to group pupils. 


To take full advantage of the manipulative urge, the science class- 
room should be full of “things”— tools, wire, wood and other raw mate- 
rials. There should be motors, buzzers, and a wealth of similar devices. 
As much as possible, these things should be put out where pupils can 
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work with them during their free time. All lesson plans should 
provide intervals during which pupils arc encouraged to manipulate. 

Possessions take on added value during early preadolesccncc. Boys 
and girls may start collections of almost anything from match folders 
to soda bottle caps. This is a trait of value to the science teacher who 
may encourage pupils to begin systematic collections of leaves, rocks, 
minerals, fossils, seeds, and the like. It is not to be expected that a boy 
who collects fossils will become a paleontologist, or a girl who collects 
butterflies will become an entomologist. Collections are important 
because through them pupils gain important experiences, and because, 
in making them, pupils learn about themselves and find satisfaction in 
accomplishment. 

The urge to manipulate and the urge to possess fuse into and blend 
with the desire to create. Teachers of crafts, homemaking, and ag- 
riculture capitalize upon this trail. In science, there arc unlimited 
opportunities for pupils to create tangible Ihings-models, charts, 
posters, friezes, demonstration materials, and the like. They may xvork 
at school or at home or both. They may display their achievements 
before the class, in school corridors, and at science shows. 

In all types of work, preadolescents show a growing desire to ^vork 
with their friends. This is part of the developing gang spirit. Science 
teachers may utilize this trait in endless ways. Pupils may work on 
projects, they may do field work, and they may make presentations to 
the class-all as members of small teams. Indeed, many pupils will 
undertake tasks with their friends that they would never consider 
doing alone. 


One phenomenon of preadolesccncc is sex hostilily. Many pupils 
will refuse to work with members of the opposite sex. Some it forced 
to do so, will be miserable; others will openly rebel. This is a trait to 
be considered when planning for group work. 

There is no sharp distinction between psychological preadolesceuce 
and adolescence. Many preadolescent traits persist into adolescence 
and gradually disappear as young people develop new concerns as the 
conditions that caused insecurities end, and as new habits of bdiavior 
are formed. Perhaps the most mrfred personality change is the end of 
boy-girl conflicts and the rncreased pleasure the two sexes find in each 
Others’ company. Some of the special traits of adolescence are- 


1. Desire for adult status 

2. Concern with social status 

3. Development of tightly-knit cliques 

4. Intergroup warfare 

5. Dating prestige 

6. Development of ideals 
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7. Modification of conscience 

8. Sexual experimentation 

9. Practice of adult roles 

Adolescents want, and often demand, adult privileges. Many of 
these young people, especially those who have jobs or take an adult’s 
responsibility in the home, deserve some of these privileges. All 
adolescents need opportunities to prepare themselves for maturity. 

In school, boys and girls can be given responsibilities fitted to their 
varying degrees of maturity. They can help in planning and carrying 
out the regular activities of the classroom. At the beginning they may 
take upon themselves only the conduct of a demonstration or the 
solution of a minor problem. As they gain in experience they can help 
plan lessons and even full units. 

Failures must be expected when young people have had no practice 
with mature roles. But failures should result not in curtailment of 
privileges but rather in a reexamination of the conditions that resulted 
in failures. For example, a tenth grade biology class should be able 
to govern itself for the better part of a period without teacher super- 
vision. Failure to do so may be due to any one of a number of factors. 
Perhaps the pupils had not been given sufficient practice in controlling 
themselves for so long a time; perhaps the pupils did not have well- 
defined and meaningful tasks to keep them occupied; perhaps some 
of the pupils completed their work and had nothing to do; or perhaps 
there was not enough variety in the activities to hold attention for so 
long a time. 

Intellectual range. The early secondary school grades have pupils 
with about the same range of intellectual ability as the general popula- 
tion. Because schools are somewhat selective, some of the less able 
pupils are held back, placed in special classes, or dropped from school. 
This gives a slightly irregular curve like the one shown in figure 1. 
However, as the holding power of our schools increases, the curve will 
approach more closely that of the general population. 

One frequently used label for indicating mental ability is the intelli- 
gence quotient, or IQ. General science teachers u'ill frequently find 
pupils with intelligence quotients ranging from 75 to 160. Pupils with 
lower ratings are usually put into special classes under the care of 
specially trained teachers. 

Another label used to indicate intellectual ability is mental age, 
which is used in the determination of the intelligence quotient. IQ is 
the ratio of mental age to chronological age. Menial age tends to 
keep pace with chronological age until about age thirteen, after which 
the rate of mental growth begins to slacken. Mental growth as meas- 
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work with them during their free time. AH lesson plans should 
provide intervals during which pupils arc encouraged to manipulate. 

Possessions take on added value during early preadolesccncc. Roys 
and girls may start collections of almost anything from match folders 
to soda bottle caps. This is a trait of value to the science teacher who 
may encourage pupils to begin systematic collections of leaves, rocks, 
minerals, fossils, seeds, and the like. It is not to be expected that a boy 
who collects fossils will become a paleontologist, or a girl who collects 
butterflies will become an entomologLst. Collections arc important 
because through them pupils gain important experiences, and because, 
in making them, pupils learn about themselves and find satisfaction in 
accomplishment. 

The urge to manipulate and the urge to possess fuse into and blend 
with the desire to create. Teachers of crafts, homemaking, and ag- 
riculture capitalize upon this trait. In science, there are unlimited 
opportunities for pupils to create tangible things— models, charts, 
posters, friezes, demonstration materials, and the like. They may work 
at school or at home or both. They may display their achievements 
before the class, in school corridors, and at science shows. 

In all types of w^, preadolescenis show a growing desire to work 
with their friends. This is part of the developing gang spirit. Science 
teachers .nay utilize this trail in endless ways. Pupils may ,vnrk on 
projects, they may do field work, and they may make presentations to 
the class-a l as members of small le.ams. Indeed, many pupils will 
undertake tasks with their friends that they would never consider 
doing alone. 

One phenomenon cf preadolescence is sex hostility. Many pupils 
will refuse to work with members of the opposite sex. Some, if LLd 
to do sc will be miserable; others will openly ,ebel. This is a trail to 
be considered when planning for group work 

There is no sharp distinetim, beUveen psychological preadolescence 
and adolescence. Many preadoleseent traits persist into adolescrce 
and gradua^^^y disappear as young people develop new eoneerns as “he 
conditions that caused insecimties end o.. u i 
are formed. Perhaps the most mark^ pS 
boy-girl conflicts and the increased pleasure the tv 

^1, > o sexes find in ejich 

others company. Some of the special traits of adolescence are: 


1. Desire for adult status 

2. Concern with social status 

3. Development of tightly-knit cliques 

4. Intergroup warfare 

5. Dating prestige 

6. Development of ideals 
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7. Modification of conscience 

8. Sexual experimentation 

9. Practice of adult roles 

Adolescents want, and often demand, adult privileges. Many of 
these young people, especially those who have jobs or take an adults 
responsibility in the home, deserve some of these privileges. All 
adolescents need opportunities to prepare themselves for maturity. 

In school, boys and girls can be given responsibilities fitted to their 
varying degrees of maturity. They can help in planning and carrying 
out the regular activities of the classroom. At the beginning they may 
take upon themselves only the conduct of a demonstration or the 
solution of a minor problem. As they gain in experience they can help 
plan lessons and even full units. 

Failures must be expected when young people have had no practice 
with mature roles. But failures should result not in curtailment of 
privileges but rather in a reexamination of the conditions that resulted 
in failures. For example, a tenth grade biology class should be able 
to govern itself for the better part of a period without teacher super- 
vision. Failure to do so may be due to any one of a number of factors. 
Perhaps the pupils had not been given sufficient practice in controlling 
themselves for so long a time; perhaps the pupils did not have well- 
defined and meaningful tasks to keep them occupied; perhaps some 
of the pupils completed their work and had nothing to do; or perhaps 
there was not enough variety in the activities to hold attention for so 
long a time. 

Intellectual range. The early secondary school grades have pupils 
with about the same range of intellectual ability as the general popula- 
tion. Because schools are somewhat selective, some of the less able 
pupils are held back, placed in special classes, or dropped from school. 
This gives a slightly irregular curve like the one sho\vn in figure I. 
However, as the holding power of our schools increases, the curve will 
approach more closely that of the general population. 

One frequently used label for indicating mental ability is the intelli- 
gence quotient, or IQ. General science teachers will frequently find 
pupils with intelligence quotients ranging from 75 to 160. Pupils with 
lower ratings are usually put into special classes under the care of 
specially trained teachers. 

Another label used to indicate intellectual aliility is mental age, 
which is used in the determination of the intelligence quotient. IQ is 
the ratio of mental age to chronological age. Mental age tends to 
keep pace with chronological age until about age thirteen, after which 
the rale of mental growth Ircgins to slacken. Mental growth ns moas- 
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ured by tests practically ceases after age sixteen for the average 
population. 

The mental ages of pupils in the general science program may range 
from nine years to seventeen or eighteen years with occasional extremes 
beyond these limits. Table 2 gives the variations that may exist in a 
single junior high school. 



FIGURE 1 . Distribution of intellieence test tr, ^ i i . » » i 

Dotied line represents the cffariLiion of mtetlltnce 'tes^',eoi‘ f '”’’' 
equivalent segment of the general population ihjalln ' A n j 
California, Junior High School, 1940.) ^ Redlands, 


General science teachers should intemrpf 
cautiOA High scores us„ally indica JabLIiw ‘rdrsl? 
demic work in high school and coUeoe Th • ° 

general science teacher comes from helping hta'Lca't''' ''“■ 1 “° T 

not working up to capacity. ^ ® ^ ^ pupils who are 

Low scores on intelligence tests mav ho v , 

ability, (2) inferior cultural backcroLd °_(1) low inherited 
directions on tests, (4) physical or emotional 2 ^f^^^^^standing of 
tested, (5) carelessness due to poor attitude 

work. A low score does not predict certain f ’I and school 

nor lack of high ability in areas other than acad ‘'‘oademic work 

General science teachers should not allow'^ t W.i 
diced against pupils with low scores on intellige preju- 

often do a higher quality of work than mioht u pupils 

gnt be anticipated because of 
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Number of students 


Mental Age 
18-0 to 18-5 
17-6 to 17-11 
17-0 to 17-5 
16-6 to 16-11 
16-0 to 16-5 
15-6 to 15-11 
15-0 to 15-5 
14-6 to 14-11 
14-0 to 14-5 
13-6 to 13-11 
13-0 to 13-5 
12-6 to 12-11 
12-0 to 12-5 

ll-e toll-11 

11-0 to 11-5 
10-6 to 10-11 
10-0 to 10-5 
9-6 to 9-11 


Low grade 7 
0 
0 
1 
2 
5 
17 
38 
86 
160 
227 
328 
374 
254 
234 
101 
26 
7 
3 


High grade 9 
13 
49 
78 
112 
132 
199 
216 
231 
226 
215 
186 
150 
145 
65 
29 
10 
8 
0 


TABLE 2. Mental ages of pupils entering and leaving the iunior 
193^) schools, San Franfisco, Califomfa* 


special interest and effort. They frequently do excellent work with 
tools, science apparatus, and art materials. These pupils deserve on- 
portunities for growtli just as do the higher scoring pupils. Fortunately 
the science program can provide opportunities for all types of intel- 
lectual ability. 

Many school administrators attempt in the junior high school what 
is called “homogeneous” or “ability” grouping. In theory pupils with 
nearly identical abilities are groups into separate sections. The 
principle behind this type of grouping is that learning can take place 
more effectively if the variations in learning abilities are reduced in 
range. The problem, of course, is l)ow to make the division. 

Tile most common basis for grouping is mental age, intelligence 
quotient, scholarship marks, achievement test scores, or a combfna. 
tion of any of these. Grouping of this t)pe on the basis of acndenijc 
ability greatly narrows the academic range in any one section. 

In the well rounded science program, however, many types of talcjjj^. 
arc utilized. Homogeneous grouping in science therefore cannot 
approximated because a pupil high in one Ix'pc of ability may 
in another. Actually, a range of dilTcrcnl abilities is Iiclpful £, 
science program nnd jjrovidcs stimulation to both the teacher 
pupils. 
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Ronge of reoding ability. Table 3 indicates the range of reading 
abilities that may be expected in a general science class. The full 
range may not be encounteied in any one school, socio-economic back- 
ground being one factor in the dev’elopment of reading ability, and 
sectioning may reduce the range in any one class if academic ability 
is used as a basis for sectioning. 

The range given in Table 3 should cause no amazement nor con- 
sternation. A variation of several years in reading age within any 
grade IS normal.^ Secondary school teachers have closed their eyes to 
this obvious fact all loo often and have treated all pupils in a class as 
being at the norm or above in reading ability. The result has been 
lailure and unhappiness for many boys and girls. 


Reading 
Crade level 
Below grade ■ 
Grade 4 
Crade 5 
Grade 6 
Crade 7 
Crade 8 
Crade 9 
Grade 10 
Grade II 
Crade 12 
Grade 13 and .nbove 


Freqticncij 
138 
353 
672 
1006 
1270 
1032 
1121 
820 
407 
286 
185 


'-•aae la and above 185 

Traxler Silent Reading on the 

St Louis. ® and January 1944 classes in 

Retardation in readine is Hup fr, i 
lave little to do with Livp .Vn. "o'" most of which 

below. “W'ty- Some o( ihe reasons are listed 

1- Visual defects 

2. Malnutrition 

3. Fatigue 

iS^^ors 

7- Menil in foreign language homes) 

= Strang, Ruth, “Providing S 
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10. Interruptions of schooling by illness 

11. Frequent moving from school to sdiool 

12. Unsatisfactory teaching in earlier grades ^ 

Pupils ^^’ho read beloAV grade level should never be regarded as 
“impossible.” Most of them have many potentialities that can be de- 
veloped. Some need special help from trained reading specialists, but 
many need little more than help in developing reading interests and 
self-confidence. 

The great challenge to a general science teacher is to present a 
stimulating and rewarding program for retarded readers while at the 
same time encouraging advanced readers to make the most of their 
capabilities. General science lends itself to this type of program be- 
cause the emphasis at the beginning of each topic can be on learning 
through first-hand experiences— experiments, demonstrations, field work 
—in which all pupils participate equally. The follow-up activities can 
then make use of the different talents which pupils have. 

The range of reading abilities shown in Table 3 indicates that a 
textbook cannot be used as a single source of information for all pupils. 
Tills is especially true because most general science texts have a read- 
ing level equal to or above the grade level for which they are 
designed, and in addition make use of a specialized vocabulary that 
many pupils do not understand. A teacher may use a single text as a 
basis for the program in his classes, but he must amplify this with many 
other books, including those written for lower grade levels. For- 
tunately, the catalog of simply written, well illustrated, and valuable 
science books for children is increasing rapidly. 

Range of experience background. The experience background of 
pupils is an unpredictable factor of great importance to science 
tcacljcrs. Boys and girls who have travelled extensively, read widely, 
and shared in the many experiences of home and community are at a 
definite advantage in the science program. Tlicy hav'c wider interests, 
they make more applications of material studied in class, and they 
understand better the importance of the material llicy study. In con- 
trast, pupils who arc underprivileged in terms of background must be 
shown many things that olliers will lake for granted. 

T)ic range of c.vpcrience backgrounds is always Nvide, even in a 
school that scrs'ices a fairly homogeneous community. Hoys and girls 
wlio live next door to each other will have travcllctl to different phiccs, 
rend different books, met different people, and shared in different home 
activities. This type of range can l>e valuable to the science teacljcr 
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who makes use of the resulting interests to stimulate different kinds 
of activities in the classroom. 

The truly great ranges come in a school that services widely differ- 
ing sections of a community. The fortunate pupils arc those who come 
from homes where parents give attention to their children, and where 
there is money for travel, for magazines, music and books, and for 
constructive hobbies. The pupils who come from homes where 
parents ignore their children and where there are no cultural influ- 
ences have backgrounds limited to the e.xpericnces they pick up on 
nearby streets. 

These latter pupils are handicapped from the beginning. School 
activities generally have less meaning to them. They progress less 
rapidly they find less satisfaction in school, and they develop fewer 
favorable attitudes towards school work. Tlicy make up the bulk of 
the retarded readers and the average pupils. There is even limited 
evidence that their general intelligence is affected. 
hanSl“‘ J lioys and girls are hopelessly 

erade Th« "'“'•t by the time they enter the seventh 

not depnp science teacher must use special care that he docs 

throuZ" I 'viU emphasize learning 

upontad t^^^^^^ ^^periences using techniques that do not depend 
responsive nfi^. he will find these pupils 

that they have ahil'h, And once these pupils discover 

puXrgrS;ira;::i'^^^^ 

high schools usually brL of previous schooling. Junior 

schools A seventh Jr rt ^ golker pupils from several elementary 
able variatmfJd^^ -P-t consider- 

schools. This refers n t backgrounds of pupils from different 

but also to -l-eloped Ld to facts learned, 

developed towards school gerTeth ^ 

reading. Lme schools ™ computation and 

Some, because of the natu f ? . development of children, 

ment standards than others^^T^ popds, can set higher achieve- 
cedures. Others use all xJn those that use only formal pro- 

Such variation is bound^t? teaching techniques. 

Pupils who enjoy books wiU tum f * i general science, 

are available. Pupils who disliU reading materials if such 

no matter how well they Ht will read a minimum amount 

cedures must be used with ea^ ^^'fferent pro- 
science instruction. vP® ef pupil for satisfactory general 
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know how to participate in informal group work. Pupils who have 
known only free classroom work with a maximum of pupil-teacher 
planning, informal group activities, and individualized instruction, may 
be very unhappy in a rigidly formal general science class. 

General science teachers must consider the educational experiences 
of their pupils when organizing a program. If would be folly to start 
a completely free program on the first day with pupils who have always 
been held in strict discipline. Such pupils need time for adjustment; 
they profit best from short periods of Informal activity during which 
they learn how to conduct themselves and how to profit from the oc- 
casions. As their facility grows they can be given greater responsi- 
bilities. 

General science teachers should also plan to use the special skills 
developed by the pupils who come to them. The pupils who have had 
a rich elementary school science program can repeat demonstrations 
and projects they worked on in the elementary school, this time to 
instruct their classmates. Pupils who have had leadership experience 
can be the first leaders in small group activities in the general science 
classroom. Pupils who read well can do book research and report to 
the remainder of the class. It is thus that each boy or girl can con- 
tinue to grow rather than be held to the pace of a rather low average 
group. 


PUPILS IN THE ELECTIVE SCIENCES 

Teachers of the elective sciences encounter no such extreme ranges 
as do the teachers of general science. Tlie fact that these young people 
have elected science courses indicates a greater uniformity of interests, 
abilities, backgrounds and purpose than is fotend among pupils in 
general science. In consequence, the elective sciences tend to be 
comparatively homogeneous. 

This does not imply that pupils in the elective sciences are so much 
alike that they demand uniform teaching procedures. These young 
people are still individualists and they still have variations in interests 
and abilities that make individualized leaching desirable. 

Age ranges. Most of the pupils in the tenth year of school arc fifteen 
or sixteen years old. There arc a fexv younger pupils who liavc ae- 
cclcratetl and a larger njimhcr of pupils who have been delayed by late 
starts, l)y idnesses, or by repeating grades. In the eleventh grade, the 
majority of pupils arc sixteen or scx'cnlecn years old and in the twelfth 
grade the majority are seventeen or eighteen years old. Tlie age nmge 
in each succce<llng grade tends to narrow as the older pupils drop out 
of school before graduation. 
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Of the three major electives, biology tends to have *e g eatest ange 
of ages. It is offered in the tenth year to most pupils but ^ 

elevLh and twelfth year pupils elect it. Expected '“'"f ^ 
fourteen years to nineteen years, with most of the pupils in the fiftee 
and sixteen year old groups 

Chemistry and physics, usually eleventh and twelfth grade subjects 
respectively, have a correspondingly narrower age range. Because 
few retarded pupils elect these courses, the members of physics ana 
chemistry classes are generally made up of the younger and more 
successful pupils in their respective classes. Tlie majority of them are 
sixteen, seventeen and eighteen years old. 


Physical range. With the exception of a few cases of delayed ma- 
turity, most of the pupils in the elective sciences have reached puberty. 
The girls have achieved full growth. The boys are growing slowly in 
height and weight. Physically, most of them arc adults and are ca- 
pable of the same physical activities as adults. Tlierc may be a few late 
maturing girls and a few more late maturing boys. The latter are 
under special handicaps in games, athletic contests, and in their re- 
lationships to girls of their own age. 


Psychologleol range. Whereas general science contains pupils in all 
states of development from childhood to adolescence, the pupils in 
the elective sciences are preponderantly adolescents. Their range of 
behavior is consequently much narrower. And even as adolescents, 
these pupils do not exhibit the same extremes of behavior as do the 
adolescents in general science. 

For one thing, these pupils are older. They are losing some of the 
self-consciousness that causes the unusual behavior of junior high 
school pupils. They are also facing the problems of the future more 
closely and this has a sobering effect upon many of them. By the time 
these pupils become seniors many of them have become almost adult 
in their reaction to commonplace situations. 

Their desire for adult status has strengthened. Girls of this age often 
assume adult responsibilities in housework and in the care of children. 
Boys earn spending money, drive cats, and participate in athletic games 
on an equal status with adults. Such older adolescents are apt to 
insist that they be treated as adults and they resent openly situations 
that give them any lesser status. 

The influence ol others of their own age is still strong but as they 
become older and ntore adult in thinking, the gap between themselves 
and older people narrows. They listen to and cooperate better with 
adults except when the latter try to treat them as children 

As these adolescents approach graduation and the prohlem of their 
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life work, they begin to think more in terms of the distant future. In 
the lower secondary school, their immediate problems were too press- 
ing to allow much consideration for conditions that they might face 
eight or ten years later. But as older adolescents, they undertake tasks 
for which they can see future advantage. 



Voting people like to Tnanipulale science materials. Boys may be more inter- 
ested in mechanical and electrical devices than girls, but the latter can fnd 
great satisfaction in most of the activities of the science program. The 
teacher should allot as many responsibilities as possible to the pupils. 

Sex distribution in the elective sciences. Table 4 gives the percentages 
of boys and girls in tlje commoner high school sciences- Tlie general 
science courses are usually mandatory so the figures reflect the sex 
distribution of the school population for each of those years. Tlierc is 
a slightly greater number of girls than bo\*s because our general popula- 
tion contains a slightly greater number of girls and because more hoys 
than girls drop out of school in the early secondaiy’ school years. 

Biology seems to appeal to boys and girls about equally. The figures 
given arc about tlie same as the sex distribution for the tenth grade 
as a whole, the tenth grade being when most pupils lake biolog)'. 
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More boys elect chemistry than do girls. This may be because 
science appeals more to boys than to girls. It may be that a nurnbcr 
of boys elect chemistry because it is required for or recommended for 
admission to the technical colleges they plan tn enter. Some girls 
elect chemistry because of possible use in nursing and home economics. 


Subject 

Boys 

GH? 

General science, 7th 

49 e* 

50.4% 

Genera! science, 8tb 

48 (yj 

52.0% 

General science, 9th 

48 

52.0% 

Biology 

46 81 

53.2% 

Chemistry 

55.6% 

44.4% 

Physics 

71.1% 

28.9% 


TABLE 4. Dhtribution pupffs bij sexes in the secondary school 
sciences. (Taken from data given by P. C. Johnson. The Tenching of 
Science in the Public High Schools, Bulletin 1050, No. 9. U. S. Office 
of Education, 1950.) 


Physics classes are composed preponderantly of boys. By tradition 
physics is a boys’ subject and there is no attempt to make it appeal to 
girls. This is unfortunate because girls need a knowledge of physics as 
much as boys do. 


Intellectual range in the elective sciences. The selective factor greatly 
narrows the range of Intellectual abilities in the elective sciences, 
particularly in such traditionally academic courses as physics, cbomis* 
try and biology. For one thing, the median level of intellectual capacity 
tends to rise as unsuccessful pupils drop out. Of those remaining 
only those with demonstrated academic ability are encouraged to elect 
the advanced sciences and in some schools they are the only ones per- 
mitted to do so. y / L 


The median IQ for the general school population rises appreciably 
through the senior high school grades. This is due to retardation and 
dropping out of pupils who ate less gifted academically. II the future 
holding pmver of a school increases, these figures may decrease. 

As ivil be shoivn m chapter 4. about 70* of the tenth year pupils 
n fted r f ■ ‘h"* *'>“■' represent the more acaden^ically 

xtre m ’^1 IQ renst elect it. 

However, it is doubtful it many pupift wt,), „„ [g teloiv 00 elect 
biolop .and probably most of them have an IQ aboim 95 

School policy may narrow the range even more. If the school oBers 
biology only to pupils in ,he college entrance program mo°rcf the 
pupils have an IQ above UO. If. „„ fte olher^ h.L, iiology t re- 
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quired to satisfy health requirements, tlic range is about the same as 
that for the general school population. 

Assuming that chemistry is elected in tlie eleventh year, about 30% 
of the pupils in that grade take that subject. It is safe to predict that 
most of the pupils in chemistry come from the upper third of the class 
and that few pupils with nn IQ below the median 103 are encouraged 
to elect it. In schools with a rigorously selective college entrance pro- 
gram, most of the pupils in chemistry are above the minimum IQ of 
110— a number which is often set as the cut-off point. Other schools 
permit a greater range. 

Physics is considered to be the most rigorous of the high school 
sciences. Its very reputation serves to eliminate many pupils. Physics 
is generally given in the twelfth year and it is estimated that about 20% 
of the pupils in that year elect it. It is probable that most of those 
electing it come from the upper quarter of the class and that few with 
IQ’s below 110 ever consider taking it. 

The range in other elective sciences is completely unpredictable. 
Earth science may be given to provide a science course for pupils 
without the ability to succeed in the usual biology, physics or chemis- 
try courses. It may, on the other hand, be given to a highly selected 
few, or it may be open to anyone interested. Ranges vary corre- 
spondingly. Local policies must be examined before making estimates. 

Earth 


IQ 

Biology 

Chemistry Physics 

science 

80-84 

0 

1 

0 

0 

85-89 

1 

0 

0 

0 

90-94 

1 

1 

1 

0 

95-99 

5 

3 

5 

2 

100-104 

6 

5 

2 

2 

105-109 

21 

9 

10 

3 

110-114 

19 

9 

6 

2 

115-119 

16 

13 

14 

4 

120-124 

11 

4 

4 

8 

125-129 

9 

5 

3 

3 

130-134 

0 

0 

0 

1 

135-139 

0 

0 

0 

0 

140-144 

2 

2 

2 

0 


TABLE 5. Distribution of intelligence quotients among the pupils 
electing senior high school sciences in a senior high school during the 
year 1956-57. (Data courtesy of the Solvay, N. Y., Public Schools.) 

Table 5 gives the distribution of intelligence quotients of the pupils 
in the elective sciences of a small senior high school in New York 
State. The state wide system of final e.xaminations in these subjects 
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£cr\cs as a selective factor which operates even without adminis- 
trative policy fixing 

The range of reading abilities. Physics, chemistry and biology are 
generally taught as highly academic subjects. Pupils with inferior 
reading abilities rarely feel competent to elect them. In some schools, 
poliev permits only pupils with good academic records, namely the 
good readers, to elect advanced sciences. In some systems, all pupils 
will) good academic records, again the good readers, are strongly en- 
couraged to enter the college preparatory program which includes one 
or more science electives. 

The^e factors operate to concentrate the better readers into the 
three major science electives. Table 6 shows how effective these 
forces are. 


Reading 
Age 
7-0.7:5 
7:6-7:11 
8.0-8;5 
8 : 6 - 8:11 
9:0-9;5 
9:6-9:11 
10:0-10.5 
10 : 6 - 10-11 
11:0-11:5 
11 . 6 - 11:11 
12:0-12:5 
12 . 6 - 12:11 
13:0-13:5 
13:6-13-11 
14:0-14:5 
14:6-14.11 
15:0-15:5 
15:6-15:11 
10:0-16 plus 


0 0 

1 0 

1 0 

1 3 

2 0 

2 3 

2 1 

6 2 

1 0 

5 3 

5 1 

5 1 

5 1 

11 9 

9 4 

35 21 


Earth 
Science 
0 
0 
0 
0 
0 

1 0 

0 0 

0 0 

4 0 

0 0 

2 0 

2 0 

4 1 

1 2 

3 3 

3 2 

6 1 

4 4 

16 12 


Biology Chemistry Physics 
1 0 0 

0 0 0 

0 1 0 

0 
1 


TABLE 6. DKfrif^iifion 
a Jingfe school for the 
N. Public Schools.) 


of reading ages in the elective sciences in 
year I956-S7. (Data courtesy of the Solvay, 


“T'";'’ '1.'° ‘here are no 

Ttae 'h rim T 'Chemistry, There are many. 

m..U .,1. The e ,s aim a d.llcrenco between being a good reader and 
a w.lhng reader, m.a„y p„pib can read mlence m-aS burthey 
rreta not to, a condition which some teachers eomide lazhtesa bm 
which n,.ry represent the erUtence of competing intereS In Tdd tion. 
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teachers must recognize that many science books employ unnecessarily 
technical vocabularies and difficult sentences and paragraphs. 

Elective sciences added to the curriculum for boys and girls of lesser 
academic abilities necessarily show a greater range in reading abilities. 
These courses include more pupils who are retarded readers, and under 
some policies they may include few superior readers. Such elective 
courses must be planned with the nature of the reading problem in 
mind. Emphasis should be placed upon learning through first-hand 
experience situations. Films, slides and recordings should be used 
more extensively than books for supplementary sources of informa- 
tion. The books used should be selected carefully on the basis of 
readability, usefulness of illustrations, and relation to the firsthand 
experience situations used. If possible, there should be many different 
books, including many designed for the elementary school. Every- 
thing should be done Co make science reading interesting in these 
courses. 


Suggested activities 

1. Obtain the ages, IQ’s, and reading levels of one or more science 
classes. Prepare histograms to show the frequency distributions of 
these characteristics in each class. 

2. Observe one pupil carefully throughout a full science period, 
making detailed notes on his behavior. Try to account for each of his 
actions as a response to the situation In which he finds himself. 

3. Make a study of a pupil of high IQ and another of low IQ in 
the same class. Through classroom observations note differences in re- 
sponse to different situations. Study their written reports and their 
test papers. Try to determine the nature and extent of the changes in 
each pupil as a result of his science work throughout your period of 
observation. 

4. Suppose that you are a teacher of a biology class similar to that 
for which Tables 5 and 6 have been prepared. What are some things 
you could do to provide the best possible learning situations for these 
pupils? 


Suggested readings 

Adolescence, Forty-third Yearbook of the National Society for the 
Study of Education, University of Chicago Press, Chicago, Illinois, 
1944. 

Blair, A. W., and Burton, W. H., Growth and Development of the 
Pr'e-Adolescent, Appleton-Century-Crofts, New York, 1951. 
Wattenberg, W. W., The Adolescent Years, Harcourt, Brace, New 
York, 1955. 
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chapter 3 I O n Monday at 10:15 in general 
science class, Ted atJs confronted with the problem of connecting a dry 
eelJ, a push button, and a door bell i« <i workable circuit. The problem 
appealed to Ted hut he found himself with little idea of what to do. He 
fumbled ttncertainhj the materials for a few minutes, then turned to 
a diagram in his textbook for help. At 10:35 he succeeded in sounding the 
hell by pressing the button. 


Without analyzing the situation himself, Ted nonetheless felt 
sails action in his accomplishment He had two observations of him- 
sclthy which he could measure progress, the first at 10:15 when he 
rca izei t lat <lid not know how to make the proper connections, 
tlic sramd at 10:35 when he succeeded in making the bell ring. 

n * ^*50 had two observations by which he 

cotdd measme Teds progress. He noted Teds indecision when the 
proh cm was lirsl presented. He saw Ted succeed in ringing the bell, 
lesson ” pr'" *” '“lain other learnings during the 

nral'e ol.serr.a,ionr„l 'hL‘’:Zh‘S‘,al"" 

in^ inZCtizr^^s r* ‘‘rt “[^“=7"; 

leti was conscious and the kind of 
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which only the teacher was conscious. The former type of learning 
included subject matter learnings and improved skills. The latter 
type included changed attitudes and changed liabits of doing things. 

During his planning, Mr. Bowers was concerned with what his 
pupils could learn and how they could learn it. He wanted to utilize 
situations in which pupils would sense their own accomplishments and, 
at the same time, he wanted these situations to help him attain his 
broader goals. 

THE POINT OF VIEW OF THE LEARNER 

Learning is usually judged from the viewpoint of an outsider looking 
at the accomplishments of a pupil. Barely are the feelings and judg- 
ments of the pupil taken into consideration, and, as a result, there is 
much misunderstanding and discouragement on the part of both 
teacher and pupil. 

The following represents part of a conversation between an adult 
and a high school pupil concerning the workings of a core-type pro- 
gram: 

Adults What are you learning in this core course? 

Pupil: We’re not learning anything very much. 

Adult: What do you do in class? 

Pupil: Oh, we sit around and talk and try to decide on something we 
would all like to do. Then we do it. 

Adult: Have you made any progress? 

Pupil: Yeah, at the beginning it used to take us two or three weeks 
to decide what we wanted to do, and now we can ordinarily 
do it in a day or so. 

Adult: Why is that? 

Pupil: Oh, we keep on the subject better than we used to. At first 
everybody popped off with any idea that came into his head; 
now we listen more carefully and keep on the subject matter. 

Adult: Everybody doesn’t talk at once any more. 

Pupil: Yeah, that’s it. Last September, too, there were two or three 
kids who did all of the talking. Now almost everyone takes 
part. 

Adult: Do you have any reports from the students in class? 

Pupil: Yeah, at the end of our units. 

Adult: Are the reports pretty good? 

Pupil: At first they were terrible. Nobody ^vorked on his verj' hard, 
and %ve were all bored to death. 

Adult: Are they better now? 

Pupil; Yeah, I think the reports are a lot better. We pay closer atten- 
tion, too. 
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Adult: Bui you haven’t really learned anything? 

Pupil: That’s right.' 

Tliis conversation pictures a situation in which a teacher might feel 
well satisfied with progress towards certain goals which he has set up 
for a course. The pupils, however, were not conscious of important 
achievements Pupils do not make observations of themselves in the 
same way that teachers make them They tend to think of progress 
in terms of concrete accomplishments. 


Objectives for leoehers and pupils. General educational objectives 
are rarely good goals for pupils. Pupils are not usually conscious of 
their long term needs. They do not observe their own behavior pat- 
terns in sufficient detail or critically enough to be conscious of long 
term progress. Even when they .ire made conscious of their general 
needs, the goals are too slowly attained to be suitable for young people. 
Pupils need immediate objectives, which they can attain in a short 
time. 


Traditionally, schools use subject matter goals. Both pupils and 
laymen expect learnings in terms of subject matter. Without them, they 
consider a school program to be a failure. 

Frequently, subject matter goals are so poorly chosen that they de- 
feat the purposes of schools. If a pupil cannot see value in the subject 
matter he is learning, he will be dissatisfied. One of the reasons for 
dropouts is the feeling that the school program is not making worth- 
while contributions. 

Even though pupils and laymen expect subject matter learnings as 
an outcome of education, pupils rarely set up subject matter objectives 
lor tliemselves. Their objectives are more in terms of actually doing 
things, of producing tangible results. Referring to the objectives of 
led and Mr. Bowers in the situation previously described, there are 
two sets of parallel objectives: 


Ted’s goal 

To SCI up a door-Wl ciraiit that will operate properly 
Mr. Botcers’ goals 

To g.se Ted practice in a problem-solving situation 
To cnc-omage Tcrl to use bools „„„ Ireely 
To help Ted gain si, 11 svilb tools and matkals 
To mcro.ise Ted s sense of competence 
To increase Ted’s interest in the study of science 
To guc Ted some knowledge of electric circuits 

Aciaplirtn the Sccondrtry-Sc/iwf Needs." 

Yearlioot of ihe N.niior/al Society fofthe Shl5^ VS f >f‘y-second 

of Cl.i«igo Cliicag^lS * Education, The University 
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Ted accomplished his objective in twenty minutes. Mr. Bowers’ 
objectives were too broad to be attained in a single lesson, but as Ted 
worked toward his own objective, Mr. Bowers could see progress 
toward some of these broad objectives. 

Pupil objectives determine the effectiveness of a science course. 
Whatever is accomplished depends upon what the individual pupils 
set out to do. Teacher objectives mean nothing if pupils do not have 
objectives as well. 

Success in setting up objectives that pupils will accept as their own 
demands that a teacher put himself in the position of each pupil as 
completely as he can. To do so he must have a thorough acquaintance 
with his pupils as individuals. 

Pupil goals should give pupils a sense of accomplishment, The more 
real and tangible the outcomes, the more satisfaction pupils gain. For 
example, a large chart made and exhibited means more than the same 
information learned. A successful pupil demonstration means more 
than a perfect score on a quiz. Participation in a science radio program 
means more than a high grade on a final examination. 

Even as pupils accomplish tangible things, they can be given a sense 
of achievement in terms of subject matter. The production of an as- 
sembly program in science does not emphasize learning of information 
but pupils do learn a great deal while engaged in the activity. TIic 
e.xtent of their learnings is easily pointed out to them by an oral re- 
view and a few purposefully designed tests. 

The attainment of pupil objectives should of course contribute 
toward the broad objectives of the science program. Sometimes the 
subject matter learned is of greatest importance, as wiien information 
learned about bacteria leads to aviso Jicalth prncljccs. More often it is 
the type of activity engaged in that is of importance, as when pupils 
Write reports or give talks or use tools. Generally, one pupil objective 
parallels several broad educational objectives and helps in (heir at- 
tainment. 



How boys and girls leam science 


43 


harmonies. The girls studied hair sttjles and eye glass frame styles fo\ 
various types of faces. The boys studied color combinations of ties, shirts 
socks and suits. 

A large triple mirror was brought in so that each pupil could see hou 
he looked while standing and sitting. Committees judged posture while 
walking and climbing stairs. Bulletin boards and posters showed good 
and poor posture and uses of clothes to minimize physical defects. 

The unit culminated in a school-wide ^dress-up” day sponsored by all 
teachers and homeroom organizations. Pupils tried to dress in the best 
taste possible. Homerooms voted on the best dressed girl and the best 
dressed hoy in each room. Good grooming and good taste were stressed 
rather than quality of clothing. 

Miss Timmons’ use of adolescent needs to motivate a unit on cleanli- 
ness and personal health makes motivation seem rather simple. Ac- 
tually motivation is exceedingly complex. It involves many factors. 
The motivation of adolescents with their many new and poorly 
understood needs is especially unpredictable. 

The general tendency is to oversimplify motivation by lumping all 
motivating factors under one heading which is labeled "interest.” In- 
terest is then treated as something definite that can be described and 
measured, something that is shared by whole groups of pupils. 

Interest is the manifestation of a felt need. Two pupils may show 
identical interests in the same topic but their interests may result from 
completely unlike needs. One boy, for instance, may show special 
interest in repairing a lamp cord because he wants to repair one in 
his room at home. The second boy, his close friend, may show the 
same interest because he wants to work with his friend. Two girls 
may show a strong interest in birds, one because she wants to share 
her father’s interests, the second because she wants to engage in a 
solitary activity that gives her an appearance of aloofness. 

As needs change, interests change. New friendships, changed so- 
cial status, revised feelings of security, all result in new needs and new 
interests. The addition of a single new person to a class can influence 
the interests of all other members of the class. Rarely can a teacher 
predict interests with a high degree of accuracy. 

Mrs. Lyons developed a unit called “Our Weather Bureau” for her eighth 
grade science class. It was the most successful unit of the year. Her pupils 
made weather instruments, they kept e.xccllent records, and they main- 
tained a bulletin hoard in the main foyer where they posted both their 
predictions and those clipped from netespapers. 

The following year Mrs. Lyons decided to teach the same unit again. 
She followed the previous years plans exactly, using the same approaches 
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Ihc smw acIMlics. The noil wm a fmiurc. She ucver understood 
tchat tens wrong. 

It is useless to trv to di-t^nose the causes for Mrs. Lyons successes 
and failures in the two ^tuations Only a careful observer on the 
scene through both episodes could discover why the study of the 
Weather Bureau met the needs of one group of pupils and not the 
needs of the other. Mrs Lvons* ^nor lav in assuming that the interest 
of one group would be the'sime as the interest of another. She based 
her plans on interest rather th..n on iieeds, unlike Miss Timmons, whose 
unit on personal grooming was fitted to adolescent needs. 

Interest must not be discounted as an unimportant element in science 
teaching. Tlie needs of adolescents are generally so complex and so 
ill-defined that they cannot be analyzed by the classroom teacher. 
High interest can be interpreted ns a sign that needs exist even when 
these cannot be identified. 


LEARNING SC/ENCE SUBJECT MATTER 

Because the major function of schools has long been assumed to be 
the teaching of information, more research has been done on this 
phase than any other. In consequence, there is considerable knowl- 
txlgo about the ways boys and girls learn facts. Most of this knowledge 
can be applied readily to the teaching of science. 

How learning begins. Learning is a result of association. The small 
baby associates his mother with the pleasures of feeding. He associates 
crying with attention. Later he associates a cup with drinking and a 
toddler car u’ith increased independence of motion. 

He learns language the same way. He associates the syllables 
mama with his mother. He associates “no” with denials or punish- 
ment. In evciy- case, learning is the result of association of experiences. 
Tlic burnt child associates steaming food, or flames in the fireplace, or 
an uns iieldetl stove, with pain. Tlie unburnt child has no fear of 
these things. In learning language, the child who has been burnt is 
able to asswiale the word “hot” with objects that can burn him. To 
he unhurnt child, hot is a meaningless and somewhat pleasant syl- 
lable to repeat oyer and over. It is a nonsense word, 
nf ” I” subjects, true learning is not a memorization 

of nonsense syllables, but the result of association of experiences. With- 
out experiences there can be no science learnings. 

"I "'S'*"' S'orfe science class that : 
sludijm^ Ihc nature of frc. Spontaneous combustion is one topic uulh 
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consideration. Jack lives on a farm where a fire once leveled a large barn, 
destroying livestock, crops and equipment and causing great hardships for 
the family. Joe lives in a large village where there have been no serious 
fires in his lifetime; his experiences with grass fires and chimney fires have 
been pleasurable and exciting. 

The textbook explanation of spontaneous combustion had immediate 
significance to Jack. He knew how hay is made and stored. He had noticed 
heat in fermenting manure and piles of wet grass. He could see a possible 
relationship to the loss of his fathers barn. He turned to additional books 
including a chemistry text. 

Joe, on the other hand, had only a limited experience icifh hay. He 
could not conceive of wet hay setting itself on fire. The term “spontaneous 
combustion" was little more than a nonsense syllable and he was impatient 
to turn to a new topic. 

Joe needed mental images of conditions in which spontaneous 
combustion takes place. He might have gained these by listening to 
Jack describe the fire in his fathers barn. He might have gained them 
by reading vivid descriptions of fires caused by spontaneous combus- 
tion. With the images thus produced he would be better able to appre- 
ciate the importance of the topic and would thus be more ready for 
study. 

A number of classroom experiences could have been provided to 
prepare him for the textbook explanations. He could have discovered 
that heat is generated during the fermentation of vegetable matter and 
the oxidation of paint oils. He could have been shown that white 
phosphorus can ignite itself. 

Learning in science requires an adequate experience background. 

This applies equally well to the learning of facts and the understand- 
ing of principles. It applies to the development of skills as well as to 
the development of habits and attitudes. 

Types of experiences. The baby’s first experiences are with things that 
affect him directly-tlie touch of a nipple to his lips, a wet diaper 
against his skin, the sight of someone bending towards him. He re- 
lates these experiences to the immediate sensations of pleasure or 
discomfort they bring liim. 

Later he associates present experiences u'ith past sensations— the 
sight of a bottle of milk with former pleasures of feeding, the sight of 
a dog with previous fear of an overly playful dog. He is using memory 
of past experiences in making associations with present experiences. 

Finally, he begins to associate mental images that are produced by 
words or pictures with meniorics of past experiences. lie hears the 
word “hot” and has a mental image of steaming food, which he relates 
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By ttorfciug iciih soil ihemseliei, these pupils are developing concepts they 
could never goiti bij reeding, eieaing films, or xvatching demonstrations. 
Afost of thetr senses are coming into action to help them appreciate such 
qualities as odor, texture, structure, and moisture retention. 


to a former feeling of pain. He sees a picture of an automobile that 
sets up an image of a real automobile; this he then relates to his former 
experiences with automobiles. 

ScieoTC teaching makes use of all of these various types of experi- 
ences. Direct firsthand experiences give information about such things 
as the color of flowers, the sounds of birds, the forces needed to lift 
duferent kinds of substances. 

Recall of past experiences enables pupils to apply their learnings 
. ont levers to the behavior of the teeter-totter. HeUll of experiences 
tropisms'“ ='P=™™ts with photo- 

Vic.arioi,s experiences help pnpils visualize a hurricane from a 
mitten description, and the hahitm i , 'urrieane 

Tl„. ‘ ' ' . "““'hd of a polar bear from a picture. 

lilt completeness of the imaiirc deoputK nf i 

hi,.l.rrn,.T.,l ot couTse, uDon thc prcvious 

wmdfa'Xr't^r ™ o' 
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Learning can be produced by means of all three types of ex- 
periences. However, each type has limitations as well as advantages. 
The effectiveness of each depends upon the care with which it is used. 

Firsthand versus vicarious experiences. Firsthand experiences are 
basic experiences. A pupil may benefit from them without having a 
broad background of previous experiences or a certain degree of 
mental maturity. Pupils generally vary in their ability to interpret 
firsthand experiences but most of them are well able to receive the 
sensations involved. 

Mr. Neuman teas directing his physics class in a study of pulleys. The 
pupils rigged a ’’bosun’s chair” from the framework of one of the playground 
swings. A single large pulley was fastened to the overhead support. A 
heavy rope passed over the pulley and ended in a large loop fitted with a 
board on which the pupils could take turns sitting. 

First a pupil tried to pull up another pupil of about the same weight 
sitting in the chair. Then he sat in the chair and tried to pull himself up. 
The amazed comments of each pupil indicated how little any previous 
experiences had prepared them for this situation. 

Mr. Neuman realized that he could not depend completely on the 
experience background of pupils for a study of pulleys. He knew that 
words, diagrams, and numbers could not substitute for the sensations 
involved in using muscles. So he took the time to set up a firsthand 
experience situation. 

It is possible to build a complete science program on firsthand ex- 
periences, using experiments, certain types of demonstrations, and a 
great number of field trips. Such a program has many advantages. All 
pupils, no matter what their cultural or educational backgrounds, begin 
On an approximately even footing. Reading ability or the ability to 
interpret flat pictures is not needed. The teacher has assurance that 
each pupil makes approximately the same observations. The teacher 
knows the extent of the pupil background when he begins follow- 
up work. 

There are two major limitations of the program that uses only 
firsthand experiences: (1) firsthand e.xperiences are time consuming 
and restrict the amount of material that may be covered, and (2) the 
program deals only with materials of the immediate environment. 

Such limitations may or may not be considered weaknesses depend- 
ing upon the goals that have been established for a particular science 
course. If the goals can be met as well will) local materials as with 
exotic materials, the second of the above limitations has no applica- 
tion. If the goals demand careful and intensive treatment of a fe\v 
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situations rather than superficial treatment of many, the first limitation 
does not apply. 

Vicarious experiences, used so preponderantly in our schools, need 
much more careful treatment than they usually receive. 


A ninth grade class lofls viewing a film on automobile engines. The 
teacher, Mr. Dubois, had worked as an automobile mechanic and knew 
engines quite well. He considered the film to be on excellent one and 
decided to let it serve as the basis for the work of this unit. 

Tom had twice helped his older brother rebuild a “jalopy.” He found 
the film an excellent review of the structure of an automobile engine. The 
animated drawings summed up for him his knowledge of the events in a 
four-cycle engine. 

Bill had never seen an automobile engine taken apart but he had a 
considerable interest in OMtomohiies <in<i knew the names and general 
functions of the parts he could see under the hood of a car. He had also seen 
a motor block displayed in on auto supply store so that he knew what 
cylinders and pistons look like. All the language used in the film loas 
famtliar to him and he learned a great deal from seeing it. 

Marjorie had brothers who were always talking ahoui automobiles. She 
had heard about the junction of some of the parts. The film occasionally 
s riicfc 0 responstoe note, especially those sections dealing with the radiator, 
the carburetor, and lubrication. 


meIaJ^l‘’tZ\‘^ f mother who had no interest In things 

earane properly, it was sent to the 

fZd, le <^roni with it. Amy had 

adfh a heating s,Uem. 

2 tZZ jT Z “ “8“' ’‘^'X’llection of a typl of solid 

n7md IZ r '■»<' <-/ voices m the heart but did 

mahile drives up andslZZ"^ seyuences of the film in which an auto- 
hotcever, she was in a rZn.tZZ "lament when the hood was lifted, 
were completely foreign Thf'aZZZZ 7”^'! 

Tom and Bill and that anr,^ i i ^ drawings that meant so much to 
two dimcnZnsTo 

flm and ZrriedZZ ZhealZd'discZiZ "7 

Dubois that the film was an orr^n convinced Mr. 

should benefit from it He nft 'h Z device and that all pupils 

like Marjorie to .ZL n, Tr '' 7 understandings of pupils 

ke fust Lugged 'ifSCtritrel '"™'"! ^ 
teach girls like that. tered something about having to 
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The effectiveness of vicarious experiences in teaching depends 
entirely upon the nature and extent of a pupil’s background. A pupil 
who has moved to Florida after living several years in Vermont can 
readily understand references to a northern winter. Those of his class- 
mates who have never left the South may understand little. Even 
pictures mean little to the latter because pictures can give only limited 
information—the color of the snow-covercd landscape, the superficial 
appearance of snowdrifts, and the like. Such impressions as e.xtreme 
cold, stinging wind, the texture of snow, and the changed sounds are 
difficult, if not impossible, to convey. 

Means for communicating vicarious e.xperiences are extremely 
limited. When speech is used, the listener must be able to interpret 
the words by forming images comparable to those in the mind of the 
speaker. 

Mr. Lavertj is describing to his chemistry class an experiment he has seen 
done with carbon dioxide. In his description he uses the term ‘'generator.’' 
To Lucy this is a new word that has no significance to her. She is unable to 
produce any image. Charles knows the word only as applied to the electrical 
generator in a car. The image he produces is a confusing one. Phil has seen 
the term used in connection tvith a carbon dioxide generator during his 
reading. He produces an image similar to that in the mind of Mr. Lavery. 

Science teachers commonly fail to consider the words they use in 
their classes. Accustomed to technical words themselves, they use 
these words without thinking. It is wise to be continually alert to the 
problems of vocabulary, remembering that pupils lack background, 
particularly in technical areas. Mr. Lavery could well have made a 
drawing of a gas generator and referred to experiments they had done 
in earlier years. Better yet, be could have displayed a gas generator 
and checked to see if his pupils understood its function. 

Written language has the same limitations as spoken language plus 
the additional handicap of reading difficulty. Pupils must be able to 
recognize words and interpret sentences before they can begin to re- 
late them to their experience backgrounds. Pupils vary greatly in 
reading ability. Many are seriously handicapped because they do not 
read well. These poor readers can profit from many experiences if 
the experiences do not involve written material. 

All types of pictures have serious limitations. Two-dimensional pic- 
tures must be interpreted as three-dimensional images. Perspective 
may hinder proper interpretation. A close-up photograph of a small 
plant may make the plant appear as large as a tree in an adjoining 
photograph. Photographs give deliberately narrowed views, leaving 
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out much of the bachground and other surroundings tor the purpose 
of focussing attention. 

The majority of senssitions cannot be transmitted from one person 
to another. Smell, taste, touch, and muscular sensation cannot be de- 
scribed. Sound.s can be approximated with recordings and sound films 
but tlicir accuracy depends upon the nature of the recording and 
playback equipment. 

The limitations of vicarious cxpenences require that teachers use 
them with great care. A science program should not be based upon 
vicarious experiences alone. The extent to which they are used in 
combination with firsthand experiences depends on the backgrounds 
of the pupils For a group of pupils of fairly homogeneous background, 
w bo have travelled widely and developed many science understandings 
in earlier grades and who can read well and interpret pictures readily, 
a science program may include a large proportion of vicarious ex- 
periences. For a nearly homogeneous group made up of pupils with 
little travel experience, with a limited science background, and with 
poor reading skills, the program should consist largely of firsthand 
experiences. The needs of heterogeneous groups must be met by 
increased individualization of instruction. 


Verbaliiation. Verbalization of learnings is an important part of 
education. Most of our culture is passed on to others through language. 
People are able to work together because they can share learning 
through words. Skill in verbalization is an important objective of our 
schools. 

It should be realized, howex'er, that verbalization is not the only 
outcome of education. Some learnings cannot be verbalized, and 
there can he verbalization without understanding. 


.\hirf/ms jdther. o teacher himself, found Martha studying for a test in 
general science by repeating out loud, '‘The intensity of light varies in- 
versely tvilh ihe square of the dislancer Curious as to why she should be 
norhng so hard on this seemingly simple concept, he began to question 
her. To hs surprise, Martha had no idea of xvhat the xcords meant. He set 
up a few cxpcriniciih and discovered she already had the concept but had 
never related it to the statement in the text. 


Many otlirr p.ipils have memorized meaoingicss statements even its 
. ar i.i W.IS tomg. ounlless hundreds have undoubtedly repeated 
he names of the strokes nt the fn..r.cyclo engine-“intake! compres- 
■lentdl'v ^ 'vrthorrt the slightest comprehension of what 

n nfre-n ^ven teacl.ers commonly 

ns, terms rsillront stepping to think what lircy mean. 
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Miss Ritchie placed a bottle of loafcr on a sheet of paper. Then with a 
flourish to attract the attention of her general science class, she gave a 
quick jerk to the paper. The paper slid out from under the bottle, leaving 
the bottle unmoved. 

The pupils considered this a most interesting trick, almost like magic. 
Up went several hands with the question “whtjF' Miss Ritchie explained 
brieflij, ""It’s because of inertia " There were no more questions. 

Had Miss Ritchie substituted the definition of inertia for the word 
itself, her explanation might have sounded something like this, “The 
bottle didn’t move because things at rest tend to remain at rest.” Her 
explanation would have seemed inadequate to both herself and her 
pupils. But her use of a strange and technical sounding word stifled 
further curiosity. 

Science teachers tend to stress technical terms without good cause. 
Precise terminology has its value when science specialists communicate 
with each other. Most pupils, however, will never become science 
specialists and in consequence will not use the language. Since all 
commonplace things and all commonplace phenomena can be de- 
scribed in simple English, it is a waste of pupils’ and teachers’ time, as 
well as discouraging to some pupils, to insist upon mastery of a special 
science vocabulary. 

In all science teaching it is better to work for understandings than 
for vocabulary. This means establishing an adequate experience back- 
ground. Once this has been done, pupils can be encouraged to talk 
about their learnings. They may struggle in the search for words hut 
their statements will represent their true understandings, not glib 
repetitions of the teacher or the text. Especially interested pupils 
will then quickly pick up and add to their vocabularies such technical 
words as they encounter in their reading. 
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As an example from the field of astronomy, pupils might be ashed to 
recognize such words as Mars and Jupiter as the names of planets. 

More important information can be treated on the recall level, lo 
continue with the illustration used in the above paragraph, pupils 
might he ashed to recall the names of the several planets. To do so 
would imply that the teacher considered this information of consider- 
able value. 

The highest level of learning is the mastery level which should be 
rescrs’cd for essentia! material. Much of the information necessary for 
health and safety practices justifies the time and energy needed to 
master it. But a study of the planets on the mastery level would require 
a degree of thoroughness unwarranted by the needs of the pupils. 

There was a time when it was generally believed that mastery of 
material involved exercise of the mind, and that exercise strengthened 
the brain even as physical exercise strengthens the muscles. Pupils 
were asked to master tall kinds of material, much of it useless, in order to 
develop the brain. This idea has been proven false but the doctrine has 
not been given up completely. One still finds traces of it in present-day 
teaching. “Pupils need homework assignments so they will learn how 
to study,’' many teachers claim. 

Summarization. The extent and quality of science learnings can be 
grdatly improved by proper summarization. As pupils receive new 
impressions they need time for and help in fitting the items of informa- 
tion they have gained into some general pattern. 

Typically, the procedures used are lectures in which the teacher 
shows how the information gathered by the pupils fits into the pattern 
of formalized science, or else by discussion periods during which the 
pupils try lo fit the information into the formal pattern outlined by 
teacher or text. Less used arc discussion periods during which pupils 
decide upon their own patterns of organization. 

r.ach spring Mrs. WoodicouTs biology classes studied a unit on flowers. 
The pupils took many field trips, examined flower structures in the labora- 
tory, and tried experiments tvith flower rcactioris. Each pupil undertook 
at IcaU one special study of florcer growth, function or behavior. 

I * ^ of the unit, Mrs. Woodu-wd set aside part of a period for 

t ic pnpi s to orgonLc their notebooks and summarize their learnings. She 
iwnmitcl them In choose the /orm of organization by themscloes. 

Usually the im/nls organized llieir malerial with the classificaiion of 
plants in 11.1.1,1, Someti, ncs they chose structure, such as woody and non- 
noady plants, or flowers with and without petals. Once a class chose to 
orgaatze its rnotcrial according lo the roelhod of pollination involved. Mrs. 
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Woodivard tried never to interfere, believing that the experience in develop- 
ing a pattern for organizing learnings is a valuable one. 

Notebooks are used extensively to help pupils summarize their learn- 
ings. Properly used, notebooks can be stimulating. Too often, how- 
ever, pupils are forced to follow a teacher-set pattern that dulls 
initiative. As much as possible, notebooks should be the result of a 
pupil's independent work and should express his own thoughts and 
organization. 

Purchased charts and models help summarize learnings. Textbooks 
are generally better for summarization than as a primary source of 
information. Slides and film strips dealing with materials already 
studied make e.xcellent summaries. Many films are organized so as to 
serve best as summarization devices. Projects often make excellent 
summaries though they are rarely recognized and used as such. 

During the study of electricity in the home a seventh grade class made a 
model house complete with wall lamps, wall outlets, fable and floor lamps, 
switches, fuses, and a door bell Long after the unit had ended pupils 
continued to work on the model. 

The making of the model can be classified as a learning activity but 
the model itself served to summarize the learnings gained. Many 
other pupil projects— the making of charts, posters, and exhibits, for ex- 
ample-produce their own summarization devices. Other projects, 
such as plays, assembly programs, and radio programs summarize the 
learnings that are gained during their production. 

Science lesson plans should provide a variety in the types of sum- 
mary called for. Today, notebook diagrams may be usedj tomorrow, a 
bit of textbook reading; the next day, a short discussion. Near the end 
of the unit a film may serve best. Each method makes its own specific 
contributions. 

Review and drill. There is inevitably some forgetting during the 
period that follows learning, the extent depending upon the force of 
. the original impressions and upon the strength of the associations 
formed. Forgetting also increases as time passes. Repetition of the 
original situation serves to renew the learning; sev'eral repetitions at 
inter\'als fix the learning firmly. 

Review and drill are most important when dealing with learning on 
the mastery level. If information is considered important enough to be 
taught on this level, drill must be provided. For learning on the other 
le\'o]s occasional re\’iev’s are sufficient. 

Reviews and drills are usually conducted solely in terms of verbaliza- 
tions and drill is often considered as a question-response activity. 
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None of this need be so in the science program. It is better to depend 
more upon real materials than upon mental images for review and 
drill. 

An e.vcellent way to review a situation is to repeat it in actuality 
rather than in memory. A field trip may be repeated with the pupils 
pointing out the points that were considered the first time. Experi- 
ments and demonstrations may be repeated and reviewed in similar 
fashion. 

A/rs. McMahon opened her sexjenth grade general science lesson by 
mking the pupils to list the items used in the demonstration she carried 
out the day before. As each item was listed, a pupil was delegated to 
select it from the materials on the demonstration table. Mrs. McMahon 
then asked the pupils to recall the steps used in the demonstration and 
delegated other pupils to carry them out. Finally she asked the pupils to 
giyc the possible conclusions from their observations. 

Reviews of science materials may also be conducted by altering the 
original situation somewhat so that pupils must interpret the new 
situation in terms of the old. 


During the study of atmospheric pressure, a seventh grade general science 
class saw the classic hard boiled egg trick in which a hard boiled egg Is 
made to pop into a bottle as heated air in the bottle begins to contract. 
Tu'o icccks later, during a review of the unit, the teacher demonstrated a 
sinii/nr trick in which a banana teas made to peel itself as it was forced 
into the bottle. In explaining this second trick, pupils recalled what they 
had learned about the first one. 


Drill may he carried on in similar fashion by varying a situation 
enoiig 1 to beep interest high but not so much as to require special 
help wjUi new learnings. 


earth science class was studying the characteristics of 
Mn/i.r"*" '"® ’’’ cssenlml for plant growth. iVr- 

m„( y„ ,lJ r%nifioa7c'ccf Z '““"S 


TEACHING PRINCIPLES AND GENERALIZATIONS 
ana .„ves,yg.„yo„. So.e 
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present-day knowledge and may almost be considered as simple facts; 
for example, “Air is a mixture of gases” Other statements are too 
broad to have been completely proven and may need revision if new 
evidence contradicts them, but at present are generally accepted. One 
such statement is: “The cell is the structural and physiological unit of 
all life.” Still other statements are theories with so much evidence 
supporting them that their theoretical nature is often forgotten; for 
example, “The planets revolve about the sun in fixed orbits.” Finally, 
there are statements of theories that may never be capable of proof 
and that are often disputed; for example, “All life has evolved from 
simple forms.” 

Unlike the facts of science that can be learned through experiences, 
broad statements such as those above require the exercise of a good 
deal of thinking for understanding. Learning situations must be care- 
fully organized to avoid empty verbalization, misunderstandings, and 
unthinking acceptance. 

Inductive reasoning situations. The inductive method of developing 
generalizations has the special merit of showing pupils how scientific 
principles were first formulated. The pupils collect data, retain that 
which is pertinent to the problem, and formulate an inclusive state- 
ment from the data. 

Miss Carpenter hod shown her biology class how to make microscope 
slides of onion tissue in order (o see the cells. One boy, who finished first, 
asked if he could try to find cells in other kinds of plants. Miss Carpenter 
was pleased with his interest and showed him how to make slides of the 
epidermis of leaves. Interest spread rapidly through the class and for the 
next few days the pupils examined almost a hundred different kinds of 
plants, including algae. They learned how to make thin sections with a 
razor blade and some used a hand microtome following a demonstration by 
Miss Carpenter. 

One of the girls finally said, “It seems as though all plants are made of 
cells.” 

Her statement was immediately qualified by another girl, “But not all the 
same kind of cells.” 

A boy challenged the statement. “You cant say that a one-celled plant 
is made up of cells” he said. Several arguments centered about this point 
and tcere finally resolved in n new statement. All plants ore made up of 
one or more cells, tistialhj of different kinds. 

A final argument, initiated by one of the boys, restored the qualifying 
clause of the first statement, “It seems as though all plants arc made up of 
one or more cells, usually of different kinds. 
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Miss Carpenter’s class developed this particular generalization on 
the basis of a large number of observations, but even though no excep- 
tions were found, the pupils recognized the limitations of their state- 
ment. Their minds w ere open to change in case contrary evidence was 
presented. It is probable that they would be critical of an equivalent 
statement discovered m their reading. 

Had Miss Carpenter made the general statement as a preliminary 
to the observation of the onion cells, or had she referred them to their 
textbook beforehand, the pupils would probably have accepted the 
generalization without question. The pupils would never have had 
this valuable exercise in reasoning. 

The procedure emploved by Miss Carpenter requires adequate time 
for development; pupils must not be hurried through the reasoning 
process. Teachers who aie interested in covering a good deal of 
material m a course often try to speed up the inductive reasoning 
process by presenting the evidence themselves. To develop the same 
generalization discussed above, they will use micro-projectors to show 
cells of different plants, they will display charts and models, and they 
will make use of films and slides. From the evidence presented they 
will lead’ the pupils into the general statement. 

This seems at first like inductive reasoning on the part of the pupils 
f resulting generalization may be the same, the type 

0 t unking is much different. The pupils have no choice of evidence, 
t icy cannot look for exceptions. The manner of presenting the evi- 
once, prepwed with the final statement in mind, determines the final 
s a emont. The complete procedure encourages passive acceptance 
rather than critical consideration. 


reosoning. Tliis manner of thinking is sometimes called 
In r* ^ novvn to the known,” because it involves making 

f'on, general statemenls that have already been 
aceepted. It „ a method that is much used in science teaching. 

ossignmenf the 

NcimJn me, I i ^ that discxd Newton’s laws of motion. Mr. 

the vtmih on ibr f period to clarify the thinking of 

oXuractmwn'} ‘'''■""r.'" "P ” locomotioe on an 

rr’/r 

\'ciLton\ fhni ti -1 i.j track. The pupils deduced from 

thewheeu ,0 mahe the 

The ,,,,,,,/s then cs,,eri„, anted with banking the rails to provide more 
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sidewards thrust. M'ith sufficient banking they were able to operate 
the locomotive at top speed. 

Mr. Neuman’s class exercised deductive reasoning in explaining the 
behavior of the locomotive. It is important to note, however, that they 
did not stop with the deduction. They e.sperimented to check their 
statements. 

The deductive reasoning process has two serious weaknesses. The 
generalization used as a basis for inferences may be complete y or 
partially incorrect. The inferences deduced, while logical, niay be 
incorrect. If pupils are not given opportunities to check their deduc- 
tions, the errors are allowed to stand. 

For a lesson on the composition of air, Mr. Potter chose a familiar 
demonstration from the seventh grade general science textbook. He fioatea 
a lighted candle on a block of wood in a tray of water. Then he tnvenca a 
glass cylinder and set it over the candle. Soon the candle went out and 
the water rose inside. Ueasurement showed that the water now occupied 
about a fifth of the original space in the cylinder. 

The pupils had already been told that a fire needs oxygen to burn. They 
deduced that the candle used up the oxygen and the water went in to 
occupy the space. On the basis of their reasoning they wrote m their 
notebooks that air is about one-fifth oxygen. 

Anyone versed in chemistry knows that the oandle flame would go 
out long before the oxygen supply was exhausted and that o the 
products, carbon dioxide, occupies as much sp-ace as the oxygen 
to produce it. The amount of water entering the cyhnder because of 
the depletion of the oxygen content would be small indeed. 

PupL cannot be expected to know these facts * pad^ 

and so their reasoning was logical m terms o w a - 
( although they might have questioned the rise of ^ 

&tfter the flLe went^out instead of wMle 

iL) Mr Potters background was apparently limited and so 

mg). Mr. i'ouers o ^ The error which Mr. Potter made was 

reasoning was likewise logical, ineerro . „ ^ ciunfinn which 

in asking his pupils to use deductive reasoning in a situation 
permitted no opportunities for checking. j 

Misuse of the deductive process gives rise 

circular reasoning when d^hng™ mSccular theory the 

to deduce from the statement o g 

behavior of molecules in ice as i ,,io reasoning 

developed to fit such phenomen . g treating theories as 

ISS 
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The scientific method. Inductive and deductive reasoning as such do 
not require the testing of conclusions. Armchair philosophers, in- 
cluding some well-known scientists, have made valuable contributions 
and also interesting mistakes by depending upon these types of reason- 
ing alone. 

The scientific method of reasoning involves elements of both the 
inductive and deductive processes and demands in addition careful 
checking of conclusions. The method is not limited to science or to 
scientists, nor does it have a stereotyped pattern. All careful thinkers 
use it. 


Tommy, one of the pupils in Miss Welts biology class, raised the ques- 
tion as to ichy there were so many flies in his attic windows on sunny 
days in winter. Miss Well encouraged class discussion, knowing that some 
i/niisnal behavior patterns of insects could be investigated if the pupils 
were interested enough. 

The class decided that the flies had come in at the beginning of cold 
weather and were attracted to the windows by the warm sunlight. When 
Miss Well asked, however, how the flies could find their way into the attic, 
no one could propose a satis/aefory explanation. 

The class decided upon some experiments with the flies if Tommy could 
catch enough for study. A few days later Tommy trough# in the flies, 

The first thing the pupils noticed was that the flies did not look like 
common houseflies. The mings overlapped gi'oing them a somewhat dumpy 
appearance. 

Some of the pupils used a cardboard carton to construct a room with 
cellophane windows on one side. Flies in the box swarmed to the windotvs 
when the air was warm but they clustered in a far comer when cold. Tern- 
peratures were taken and the critical point was found to be about 50° F. 

The pupils then constructed another testing device by putting a partition 
across the center of a box. One room thus formed was given a cellophane 
window ami the other was kept dark. A small opening in the partition 
connected the rooms. This time the flies went into the lighted room when 
temperatures were above 50° F and into the dark room when temperatures 
were below 50° F. ^ 


T ,c pupils deeded that flies tnj to get in dork places when cold and into 
I I places when warm, or os a textbook would put it, the flies are 
posltwehj phololropie ahooc SO" F cod negatioelij pboLopic below SO- F. 
Tommij and some other pupil, who Hoed in homes with open attics, 
checked temperotiires and the presence or absence of flies in attic windows 
on several occaswns. 


Later the pupil, tried other kinds of flies without such positive results. 
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They changed their conclusion to apply only to this one tijpe of fly (the 
“cluster fly” or “buckwheat fly,” Pollenia rudis). 


Unconsciously, this class was making use of the scientific method. 
The pupils had a problem and they proposed some solutions. They 
gathered pertinent information, in this case by experiments, and ar- 
rived at a tentative conclusion that was tested by further observations. 
Continued testing caused them to modify the final statement to one 
that seemed satisfactory to everyone. 

The scientific method of reasoning as a procedure in teaching has 
much to commend it. Although it demands adequate time for satis- 
factory development, the resulting learnings are sound. Pupils know 
the exact meaning of the general statement, they know its applications, 
and they know its limitations. 

Although the scientific method of reasoning is little more than 
applied common sense, it is not something that can be taught by a 
lecture or a single illustration at the beginning of the year. The 
scientific method demands extensive practice in a wide variety of 
situations. It need not be formalized by listing it in sequential step; 
indeed such formalization may interfere with the thinking of pupils. 
Pupils are generally intelligent enough to work out satisfactory pro- 
cedures for each particular situation without reference to a formal 
list. 


The teaching of theories. Theories are generalizations that have been 
formulated to explain a set of conditions. Some theories are vvidely 
accepted and some are in dispute. All theories are suscepti e to 
modifleation and even to abandonment. The thinking person may 
accept a theory hut he always does so with reservations. Many ot 
the great contributions to science have been made by men who re- 
fused to accept blindly the theories prevailing at the time. 

No part of the science program needs more careful treatment than 
the teaching of theories, ft is all too easy to in iience young min s 
into accepting theories as facts-either closing the minds permanently 
or making it difficult lor the minds “ 

Pupils should he conscious of <!« *c d proposed, they 

program. They should be shown why ^,n,u,ation, and they 

should be given the data " „j,„,,„ed in its support and any 

should know the evidence that has limitations of the 

modifications that the theory has underg 

theory should be made clear. „.efiilly have open minds. Tlicy 

Pupils trained to evaluate thimn ■ known in tlie field of 

can accept change. They realize that 
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and ako interesting mistakes by depending upon these types of reaso - 


The scientific method of reasoning involves elements of 
inductive and deductive processes and demands in addition carch 
cheeking of conclusions. The method is not limited to ^ ‘ 

scientists, nor does it have a stereotyped pattern. All careful thinkers 


Tommy, one of the pupils in Miss Well's biology class, raised the ques- 
tion as io iohij there were so many flies in his attic windows on sun j 
days in winter. Miss Well encouraged class discussion, knowing that some 
unusual behavior patterns of insects could he investigated if the pupi s 
were interested enough. _ » u 

The class decided that the flies had come in at the beginning of co ( 
weather and were attracted to the windows by the warm sunlight. W icn 
Miss Well asked, however, how the flies could find their way into the attic, 
no one could propose a satisfactory explanation. 

The class decided upon some experiments with the flies if Tommy couU 
catch enough for study. A few days later Tommy brought in the flics. 

The first thing the pupils noticed was that the flics did not look like 
common houseflies. The wings overlapped giving them a somewhat dumpy 
appearance. 

Some of the pupils used a cardboard carton to construct a room with 
cellophane windows on one side. Flies in the box swarmed to the tvindows 
when the air was warm but they clustered in a far corner when cold. Tem- 
peratures were taken and the critical point was fotinci to he about 50° F- 
The pupils then constructed another testing device by puffing a partition 
across the center of a box. One room thus formed was gieen a cellophane 
window and the other was kept dark. A small opening in the partition 
connected the rooms. This time the flies went into the lighted room when 
temperatures were above SO® F and info the dark room when temperatures 
were below 50° F. 

The pupils decided that flies try to get in dark places when cold and into 
light places when warm, or as a textbook would put it, the flies ore 
positively phototropic above 50® F and negatively phototropic below 50° f- 
Tommy and some other pupils who iiued in homes with open attics, 
checked temperatures and the presence or absence of flies in attic windows 
on several occasions. 


Later the pupils tried other hinds of flies without such positive results- 
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They changed their conclusion to apply only to this one type of fly (the 
"cluster fly” or “buckwheat fly,” Pollcnia rudis). 

Unconsciously, this class was making use of the scientific method. 
The pupils had a problem and they proposed some solutions. They 
gathered pertinent information, in this case hy experiments, and ar- 
rived at a tentative conclusion that was tested by further observations. 
Continued testing caused them to modify the final statement to one 
that seemed satisfactory to everyone. 

The scientific method of reasoning as a procedure in teaching has 
much to commend it Although it demands adequate time for satis- 
factory development, the resulting learnings are sound. Pupils know 
the exact meaning of the general statement, they know its applications 
and they know its limitations. 

Although the scientific method of reasoning is little more than 
applied common sense, it is not something that can be taught bv a 
lecture or a single illustration at the beginning of the year. The 
scientific method demands extensive practice in a wide variety of 
situations. It need not be formalized by listing it in sequential steps- 
indeed such formalization may interfere with the thinking of pupils' 
Pupils are generally intelligent enough to work out satisfactory pro- 
cedures for each particular situation without reference to a formal 
list. 


The teaching of theories. Theories are generalizations that have been 
formulated to explain a set of conditions. Some theories are widely 
accepted and some are in dispute. All theories are susceptible to 
modification and even to abandonment. The thinking person may 
accept a theory but he always does so with reservations. Many of 
the great contributions to science have been made by men who re- 
fused to accept blindly the theories prevailing at the time. 

No part of the science program needs more careful treatment than 
the teaching of theories. It is all loo easy to influence young minds 
into accepting theories as facts-either closing the minds permanently 
or making it difficult for the minds to be changed. 

Pupils should be conscious of the theories dealt with m the science 
program. They should be shown why the theo^ was proposed the; 
should be given the data that was used in its formulation and thy 
should knovv the evidence that has 

modifications that the theory has undergone. The lim.tation^^o/,, 
theory should be made clear. 
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science. They understand the challenge of science. They may be 
tomorrow’s Kepplers and Darwins and Einsteins. 

Unfortunately, teachers must do a good deal of sifting to isolate 
theories from facts Far loo many authors and teachers ignore the 
distinction. Books commonly use the expression, “The Molecular 
Theory,” without pointing out in the slightest how the accompanying 
information differs from factual material presented in other portions of 
the book. 


A theory is recognizable because it cannot be proven by direct 
evidence. Indirect evidence may support a theory but cannot prove 
it. The Foucault pendulum does not prove that the earth rotates; the 
Foucault pendulum is instead explained by the theory of the earth's 
rotation. The motion of the Foucault pendulum is accepted as in- 
direct evidence because its behavior cannot be accounted for satisfac- 
torily in other ways. But indirect evidence is liable to misinterpreta- 
tion, history is full of similar “proofs” that were later explained in 
contradictory ways. The last fifty years have been filled with startling 
alterations of theories. 

A teacher may accept a theory himself on the basis of his broad 
Mperience background. No geologist questions the existence of the 
^ eis ocene ice sheets. Indirect evidence that cannot be accounted for 
m any other way is so overwhelming that the theoretical nature of the 
xp anation is ignored. But young people do not have the background 

na,s?vT“ into 

evide better to present them with some of the 

A^rJenT 

such as “If Spnnkle their statements liberally with qualifications 

Ciciuauy does go around the «in ” “fc , , r 

evolution... " "If there are ff wo accept the theory of 

are then kept open. '^br°'n°s'»ncs . . . ." Minds 

Fcl tea'nrreh T-""’ “^"'Ptions on svhieh theories are based, 
hgl. b h" ve;“ t m astronomy is based on the assumption that 
<l't a s S h i ™ ‘be earth. Like the assumption 

b an assum^ption thit L 

sumption were to he alnTi»lr«,^i ” ^I'lestioned. But if the as- 
would be possible. * ’ ^ new set of theories 
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The pupils in Mr. Kane’s physics class had pcrjormed a number of 
demonstrations illustrating the expansion effects caused by heating. In 
each instance, the pupils applied the kinetic theory of molecules to their 
explanations and the pupils seemed to he well satisfied ivith the theory. 

Then Mr. Kane performed a demonstration. He filled a flask with 
colored wafer and inserted a one-hole stopper containing a long glass tube. 
One of the pupils had used similar materials when explaining the ther- 
mometer. Instead of heating the f.ask, however, Mr. Kane set the flask in 
a far of water, ice, and salt. At first the water went down in the tube and 
the pupils explained the decrease in volume by the lowered activity of the 
molcctdcs. After a few minutes the tvater stopped going down in the tube 
and actually began to rise again. The pupils were astonished and could 
not explain the phenomenon. 

Kanes special demonstration did not destroy the pupils' ac- 
ceptance of the molecular theory but it quickly restored the theory to 
its true status. The pupils were beginning to treat the theory as fact 
and now they realized there were some possible qualifications to the 
general statement. 


DEVELOPING SKILLS 

Skills that may be developed in the science program range from the 
purely technical to the broadly general. Such skills as titration are of 
concern only to the science teacher. The academic skills, such as 
reading and oral expression, are the responsibility of all teachers. Skill 
in leadership, skill in adjusting to group work, and other general skills 
are among the de5irnWe oijfr£»r»e5 nf the entire educational program. 

Most technical skills are of value only to the specialist. The more 
general skills are of value to every pupil. For most pupils, skill with 
a handsaw is a more worthwhile outcome of the science program than 
is skill with a pipette. Skill with printing legibly is of more use than 
skill with a Wheatstone bridge. This does not imply that specialized 
science equipment has no place in the science program. Specialized 
equipment should be used whenever it will help pupils solve the prob- 
lems they are working on. But pupils should develop skills with this 
equipment only as they have use for it, not because these technical 
skills have been made a part of the general objectives of the course. 

Developing motor skills. Some of the special skills that can be de- 
veloped in the science program require muscular coordination and are 
termed motor skills. Focussing a microscope and lighting a Bunsen 
burner may be classified as motor skills. 

A few of the specialized skills of science appeal to pupils for 
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apparently no other reason than sheer enjoyment of manipulation. 
Pupils will work for hours with glass tubing-bending it, drawing it 
out into thin threads, blowing bubbles in it, and twisting it into fan- 
tastic shapes. They enjoy their first experiences with a microtome and 
with a stethoscope for similar reasons. 

Generally, however, pupils learn motor skills because they need 
them to accomplish some end. Reference has already been made to the 
earth science class that set up a soil testing service. The pupils learned 
the skills of testing in order to test the soil from their parents’ gardens. 
Pupils will also learn to solder in order to build a radio. They will 
learn to operate a chemical balance so that they can prepare diets in 
a nutrition experiment. 

Motor skills are developed through a combination of observation, 
imitation, trial and error, and reflective thinking. 

Sally tuished fo produce a musical tone by blowing over a bottle so that 
she could imitate a train whistle /or a class play. Haying only a vague idea 
of what to do, her first trials brought little success. 

She asked a classmate to show her. He demonstrated the process and she 
watched him closely, Her next trials brought partial success but she could 
not be certain of producing a clear tone when she wanted to. She had to 
experiment with the position of the bottle each time. 

Then she heard her science teacher speak of blowing across the mouth 
of the bottle. She had been thinking of blowing into the bottle. With this 
new concept in mind and a little more practice, she was able to blow a clear 
tone whenever she wished. 


Analysis of her method of learning shows that Sally had a vague idea 
of whal to do from previous observations but her knowledge was not 
enough to direct her trial-and-error learnings into fruitful channels. 
Ihey did, however, give her enough background so that she proHled 
trom hCT classmate's demonstration. Imitation then gave direction to 
tnal-and-error procedures. 

Continued trial and error would probably have perfected her tech- 
nique providing she did not become discouraged. But Sally reflected 

saved heVmnereHort 

if fhetfd much faster 

ver h lack T How 

erer her lack of experience would have handicapped her in making 

t basisir reflecTve think- 

ThL motor would have learned even less rapidly. 

1 s at are considered sufficiently important to be 
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included as objectives for a science lesson can be taught with the 
same steps Sally used. 

Mr. Seymours chemistry class teas about to make carbon dioxide generators 
for lohich they would need pieces of glass tubing bent at right angles. 
Mr. Seymour permitted the pupils to try to make the bends without help. 
The pupils had seen tubing being bent in demonstrations in earlier grades 
and had some idea of what to do. A few pupils produced badly flattened 
bends. Some produced only weird shapes. 

Mr. Seymour note demonstrated the making of a good bend, explaining 
each step as he went along. On second trial, most of the pupils produced 
usable bends. A fete were still unsuccessful and Mr. Seymour pointed out 
their mistakes. These pupils succeeded on the third trial. 

Sometimes it is not desirable to permit free trial and error at the 
beginning of the learning process. No one would recommend that 
pupils be asked to use compound microscopes and prepared slides 
without direction. But it should not be assumed that preliminary dem- 
onstrations and explanations are immediately effective or that they 
can replace completely the demonstrations and explanations given 
near the end of the instructional period. Instruction in lighting a 
Bunsen burner might proceed as follows: 

1. Teacher demonstrates and explains procedure. 

2. Pupils go through the same steps without actually lighting the 
match. 

3. Pupils now try to light their Bunsen burners. 

4. One pupil demonstrates the process. Others criticize. 

5. Pupils review reasons for various steps. 

6. Pupils practice lighting burners once more. 

The preliminary demonstration provides the basis for imitation. 
Then trial and error, limited at first to the steps without the use of 
a flame and later with a flame, acquaints the pupils with the materials 
and the procedures. The pupil demonstration with attendant criticism 
and discussion adds the reflective element. 

Instruction as outlined above is too formal to be used as a general 
practice in teaching motor skills. Only when introducing pupils to 
dangerous situations or to the use of delicate apparatus would a class 
be subjected to this formal treatment. 

Motor skills are developed most easily through project work. The 
completion of the projects represents the objectives for the pupils. 

They master the skills in order to attain their objectives. And thus the 
teacher’s general goals are attained. 

Developing academic skills. Pupils coming into the secontlaiy school 
have already had instruction in the basic academic skills; the science 
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teacher need not know the procedures used in introducing these skills. 
Even in the case of seriously retarded pupils he should leave remedial 
measures to specialists. ' _ 

What young people need at this level is as much practice as possible 
on a level suited to their immediate abilities, difficult enough to be 
challenging, but not so difficult as to be discouraging. The science 
teacher needs to know how to provide such practice as part of his 
regular program, 



Adolescents commonly devote an amazing amount of time and energy to 
special interests. When this energy is channeled into constructive activities, 
their achievements can be tremendous. Their learnings go far beyond any 
they may gam m the classroom, both in quantity and in depth. Moreover, 
these learnings persist longer and with greater clarity than those obtained 
pom ordinary classroom activities. 


The broad range of the science program permits pupils to work in 
areas ot special interests. Some Uke to write and produce plays, 
naclio programs and assembly programs. Others enjoy preparing 
charts or contributing science notes to the school and local newspapers. 
Most pupils like to do esperiraents, many of which involve mathematics 
■ nd written reports. Many like to present demonstrations, make dio- 
amas or take field trips and report on their observations. Some enjoy 
using books to find answers to quesHons they raise about their findings. 



65 


How boys and girls learn science 

One of the most important things for the science teacher to re- 
member when encouraging the use of academic skills is to maintain a 
positive attitude toward the achievements of his pupils. A written 
report should he evaluated for what it says, a chart for its organiza- 
tion, a diorama for its accuracy. If the contributions of pupils are sub- 
jected to harsh criticism for minor flaws the pupils quickly become 
discouraged and stop trying. The teacher must work for much prac- 
tice and gradual improvement rather than a little practice with imme- 
diate improvement. 

Developing general skills. No one expects a young person to become 
a piano player without practice. No one should expect a young person 
to learn to cooperate with others, or to assume leadership, or to take 
responsibility for his own behavior unless he has opportunities for 
practice. In the past, the direction of this type of training has gone 
by default to the relatively few volunteer agencies that reach boys 
and girls. More recently, the extracurricular program of secondary 
schools has been organized to meet the obligation. 

The general skills are too important to be ignored through the 
several hours of class work each day. They are important enough to 
be in the minds of teachers at all limes and to be considered during 
all planning. The teacher who concentrates solely upon subject matter 
neglects the general growth of his pupils. 

DEVEfOP/NG ATTITUDES 

The attitudes of young people determine their responses to every 
situation, affecting their behavior, influencing their observations, and 
coloring their thinking. A strongly positive attitude permits growth; 
a negative attitude hinders growth. A critical attitude aids in making 
wise decisions; a tolerant attitude helps in adjusting to social relation- 
ships. 

Boys and girls entering the secondary school do not represent fresh 
white pages on which teachers can write. Each pupil has had countless 
experiences that have produced a \vide range of attitudes. Rarely will 
a science teacher be able to develop in a pvipil a completely new atti- 
tude. He must expect instead to work with existing attitudes— strength- 
ening some, altering others, and trying to replace still others. 

Attitudes involve emotions and in consequence may be difficult for a 
teacher to deal with, especially when he is trying to alter an attitude 
that reflects home or group values. All highly emotional situations must 
be treated with care lest highly undesirable attitudes develop. 
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The importance o( positive attitudes. The novel “Blackboard Jungk” 
presents a heartbreaking picture of an ideahslic young teacher try i g 
to hre.ak through the negative attitudes built up by a group of New 
York Cit^• bovs^ who lu^cl been subjected to yesirs of continued failure 
in a lars'e, impersonal school system.^* Sometimes he seemed to make 
small g.iin^ but a day later he would find himself back where he started. 

His acfomnhshments for a years work were insignificant. 

PoNilu e attitudes are essential if pupils are to gain from schooling. 
Thev^nust enjoy science work. They must liave self-respect as well as 
admiration for those who succeed, and they must like the teacher. 
These altitudes are the direct outcome of success. Pupils will partici- 
pate with increased frequency in actisoties in which they find increas- 
ing success. They withdraw from activities in which they encounter 
repeated failures. 

Personal pride is an important factor in developing positive attitudes. 
When a pupil takes pride in his accomplishments, whether these be 
high grades or tangible results, he is able to grow’. But if a teacher 
cannot help a pupil do something that makes him proud of himself, he 
w’ill fail in his objectives. 


Sources of oHiiudes. .Mlport suggests that there are four primary 
sources for attitudes; 

1. Ccncrcl approach or withdrawal tendencies. A pupil may de- 
velop a strong liking for the study of electricity because he is able to 
manipulate materials, a type of behavior he enjoys. Another pupil 
may develop a distaste for zoology because he does not like to handle 
dead things. 

2. 0//icr people. Most young people who fear snakes have adopted 
this altitude ready-made from others. 

3. A single dramatic experience. Intense embarrassment resulting 
from an accident during a demonstration may prejudice a pupil against 
p.'irticipating in demonstrations again. 

4. The in/cgrflfion of numerous specific responses. A succession of 
minor rebuffs by a teacher may lead to a strong dislike for the teacher. 
Disco%cry of errors in numerous textbooks may make a pupil critical 
of textbooks.* 


Importonce of early impressions. Initial experiences in an area pro- 
duce the most firmly entrenched attitudes. Tims attitudes developed 
early in life from the attitudes of parents color the thinking of people 


E^-a^s The Jungle. Simon and Schuster. New York. 

* From AlWrt. Gordon \V -AitimaesT Uondbook of Sociel Psychology. 
C.-»rl Murchison, od.. Chirk Unnen.ity Press. Worcester, Mass.. 1935. 
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the remainder of their lives. Prejudices developed against races, reli- 
gions, and nationalities during the early years of childhood are seldom 
completely wiped out no matter what later experiences an individual 
has. 

The first day in a science program may have more influence on the 
attitude of pupils towards the course than days of patient effort later 
in the year. Pupils usually approach a science course with a feeling of 
expectancy unless they have been badly conditioned by ^he reports of 
parents or other pupils. The first day can be so organized that pupils 
leave at the end of the period with a feeling of great satisfaction and 
enthusiasm. When possible, it is wise to begin with a unit that permits 
a good deal of pupil manipulation. 

Miss Carl liked to start her seventh grade general science classes with leaf 
printing. She provided a supply of wilted leaves, glass plates, tubes of 
axxmeograph ink, rollers, and mimeograph paper. She demonstrated the 
process and then set the pupils at work. 

Pupils who had previous experience with this or some other process of 
leaf printing were asked to help the others or to prepare demonstrations for 
later use. 

Toward the end of the period Miss Carl brought the work to a close and 
encouraged the pupils to discuss what they could do with the prints. Usu- 
ally it was decided to make collections of the prints of all the trees in the 
neighborhood. Field trips and independent work were planned and the 
unit on plants of the environment was off to a good start. 

Miss Carl’s approach sent the majority of her pupils away from the 
first period with high enthusiasm for what was to come. One can 
imagine that a large percentage of them would come back the second 
day with a handful of leaves collected out of school, an indication 
that they were already thinking about their science program. 

Many teachers believe that the first day or so should be spent in 
previewing the year’s work. If this is done, great care must be used. 

The teacher already has in mind a view of what will be done and he 
feels enthusiasm for the prospect. But the pupils have no such vision 
and the preview is apt to be dull and uninspiring. 

Some teachers like to use the first day to inventory pupil interests 
in order to build a program on the interests. Sometimes they ask the 
pupils to select the material to be studied. Again, this is a process that 
requires careful treatment. Some pupils have no background on which 
to base ideas of what should be in a science program. Some are re- 
tiring and do not participate in discussions. Some dominate discus- 
sions without contributing anytliing. It is common for pupils to leave 
these sessions with a feeling of futility. 
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Influence of a dramatic experience. Dramatic experiences produce 
strong emotions and lasting attitudes. These tend in the main to be 
negative attitudes, against certain situations or against certain people. 
This method of developing altitudes should be used rarely if at all by 
science teachers. 

In the interests of safety, it is sometimes felt that a single dramatic 
situation will so impress the need for caution on pupils that they will 
avoid dangerous practices. The idea is a good one but unfortunately 
one has little control over the direction that such attitude dev'elop- 
ment follows. 

Mr. Finch icanted to impress upon his pupils in chemistry that thexj must 
have no open flames around their hydrogen generators. He filled a rubber 
balloon with hydrogen and held it near the ceiling by means of a thread. 
He brought near it a lighted match on the end of a long stick. The resulting 
explosion shook the building. 

His pupils were deeply impressed. He could hardly get the girls to 
Ignite the hydrogen they collected in bottles. Some of the boys began laying 
plans for filling a bigger balloon and producing a bigger and better explosion. 

Influence of example. In a previous section there was a discussion of 
the teaching of theories. It was pointed out that teachers should treat 
theories with care, pointing out how the theories were developed, what 
the basic assumptions are, and what the limitations are. In so doing, 
the science teacher is setting an example of the scientific attitude. If 
a teacher is consistent in his altitude, his example can have a favorable 
influence on his pupils. 

If a teacher wants his pupils to have a critical attitude in the con- 
structive sense, he must be critical himself of his own statements, of 
books and films, and of the pupils’ work. If he wants pupils to be 
tolerant he must always be tolerant himself. It is possible that the in- 
fluence of all great teachers derives from the attitudes they themselves 
possess and pass on to others. Certainly anyone can pass on informa- 
tion, but only the person with strong, positive attitudes can influence 
the thinking of those he works with. 


Suggested activities 

1 Select a small segment of a course of study and list the learnings 
that' are expected. Classify these P“P* 

have adequate background to Eun by lecture ( ) learnings which 
pupils can gain from reading: ( 3 ) learnings which pupils can gain 
from pictiirls; (4) learnings for which pupils need firsthand c.xpcri- 
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THE SCIENCE PROGRAM 
IN OUR SCHOOLS 


chapter 4 I Science education in the 
United States has developed in somewhat haphazard fashion, as various 
pressures have been applied and as different states an commum les 
have responded in their own ways. Until one knows the background 
of this development, there is much in the program t at seems irra 
tional. With an understanding of the background, the teacher is better 
able to fit himself into the total picture and to , 

of the program that are valuable and those that might well be changed. 

p^775RNS OF SCIENCE PROGRAMS 

Over the country there are several different 

schools. In an 8-4 system, there are eight years m *6 

school and four in the secondary school. In a 6-6 ^ 

six in each of the two schools. In a 64343 system there are yea^s in 

the elemenmry school, three in the , “h" h od 

school, and thL years in f:^tore 

Each system has its own pattern of science coi 

common J;”Vprogram that was widespread 

Pattern A on the chart repre P b course was 

before general science was t^tolog)', and was required of all 
called elementary biology, P“‘ „.ith electives only, 

pupils. Pattern \ arLot eommon. After general 
Both patterns can be B were modified by making 

science was introduced, l «« 
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Key Elemenlary ichool teience Earth icienee 

Elemeniory biolagy Elecfiee lelenee 

I^^Bi Ceneiol tcimce I ‘ ~i No science 

FIGURE 2. Patterns af science programs in the United States. 


general science a required course in the ninth year, shown as C. This 
IS the usual pattern found today in 8-4 systems. 

Pattern D conforms to the recommendations given in the Thirty- 
first Yearbook of the National Society for the Study of Education.' 

enera science is taught three days a week in the seventh and eighth 
grades and five days a week in the ninth grade. Patterns E, F, and G 
are modifications that provide about the same amount of time for 
general science but permit scheduling the subject five days a week. 
Under Pattern G, general science is taught for only one term in both 
1 ^ gf^des. The majority of schools organized on 

the 6-3-3 plm or the 6-6 plan use one or another of these patterns. 

National Socielv*fM^ho^ai”a r ^^hirty-first Yearbook of the 

BIolTngtoo “"-"O"’ '■“the School Publishing Co., 
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helps pupils approach problems intelligently and gives them confidence 
in their ability The elementary science program can provide thein 
Willi a rich and well-rounded background of experiences. These are 
the products upon which secondary school science teachers can 
capitalize. 



Scinice in the clcmentartj school has been developing rapidly in recent ijears. 
Today, many pupils enter the secondary school with an extensive knowledge, 
not only of the facts of science, but of the methods of science. In addition 
they arc acewitomed to working alone or in groHus, to planning their own 

procedures, and to presentingtheir findings to others. 


Coursci of study in elementary science are generally well balanced, 
containing material from most of the traditional areas of science-the 
biological, physical, and geological areas. They emphasize health, 
safety and conser\'alion. 

Elomcnlar)- science, like all other divisions of the science program, 
vanes in Us effectiveness from school to school and from teacher to 
teacher. The variation in the elcmentarj' school may be somewhat 
greater because of the greater variation in the backgrounds and inter- 
ests of the teachers. Some elementary teachers like to teach science and 
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have adequate backgrounds for it. Some teachers try to teach science 
but feel inadequate for the task. Others dislike science and teach little 
or none. 

Schools differ, too, in the help they give their teachers. Some systems 
provide in-service training workshops and some provide special science 
consultants. Some provide a wealth of materials, freedom for field trips 
and other special activities, and recognition for the accomplishments ot 
both pupils and teachers. Other systems give no help. 

Variation in the quality of the elementary school program need not 
hinder the secondary school science teacher. He may ask the pupils 
who have special interests and backgrounds to present demonstrations, 
to carry out projects, and to help the others. He should be pteful tor 
the enthusiasm that these pupils bring to him from their earlie 
program. 

GENERAL SCIENCE 

General science occupies a critical position in 
curriculum. It is required of nearly all pupils. It is ® P 

most pupils have with science as a special subject. And i y 
only science course that some pupils will take during their high school 

TetraT'science determines the attitude 

towards science. When the course is exciting, sa I’P’S «,l,en the 
boys and girls look forward to further science study. Bi^t when the 

course is poorly taught, pupils are “ [easing and the best 

faction. General science deserves the best teacnmg 

facilities that can be provided. jr, tHp ninth 

General science is generally offered as a seventh, eighth 

grade, or as a two-year or systems are adopt- 

and ninth grades. An increasing ^ report.' This 

ing the two- or three-year ““ cltss^time given to general sci- 

report further states that the amount ot class tin g 

ence is also increasing. , j ean bo 

General science, as its name ended, however, 

applied to a broad range ot me . ^ Ihe specialized 

that general science , P . , t matter that is clioscn to meet 

sciences. It has its own body J ^ should a general science course 

the needs of the pupils who ta 'e 1 . would result in superfi- 

touch upon every aspect of scienc • f-^stration and dissatisfaction 
ciahty and could only cause feelings ot 

, • I -nr Hfcli School Science," The Science 

1 Smith, Keith, •■Trends m Junior g 
Teacher, March, 1956. 
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on the part of the pupils. General science is “general” only m that it is 
free of the traditional boundaries of the various areas of science. 

General science is a relative lale-comer into the secondary school 
curriculum. Expeiimentation with this subject began about the be- 
ginning of the century Widespread adoptions occurred during the 
period^ from 1915 to 1930.^ By 1932 it was a regular part of the ninth 
grade curriculum in a substantial majority of the schools throughout 
the country. The development of the junior high schools during the 
same period encouraged the extension of general science into the 
seventh and eighth grades. 

General science w.ts introduced into the curriculum as part of a 
general effort to humanize the secondary school curriculum. The 
courses offered at the beginning of the century were far from suitable 
for the great majority of pupils entering high school. After a brief 
taste of the offerings, boys and girls were leaving school in large 
numbers. Hunter states that during 1908 in New York City 43 percent 
of the enrolled pupils had left by the end of the ninth year and 70 
percent had left by the end of the tenth year.^ Tlie formal science 
courses of the time were in part responsible for the high drop-out rate. 

Educators recognized the need for a different type of science course. 
They recognized the need for a course designed for pupils who would 
elect no more science, a course designed to help them understand and 
use the things of science commonly encountered in daily life. These 
educators also recognized the need for a course in science for pupils 
who would continue the study of science, a course that would permit 
exploration of interests and abilities and the building of a background 
of experiences. 

Early courses of study and textbooks show considerable diversity in 
content and approach. Some teachers emphasized the exploratory 
function of general science, presenting samplings of the various special- 
ized sciences loosely tied together. This type of course was of little 
value to pupils who would not study science further. 

Other teachers emphasized the preparatory function of general 
science, building the course from the introductory phases of physics, 
chemistry, biology, physiography, and astronomy. They developed 
specialized vocabularies, skills with formulas, and basic information, 
buch a general science course was of even less value to pupils who 
would not enter scientific fields. 

A large number of teachers emphasized the practical applications of 
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science. They taught their pupils how to repair leaky faucets, how to 
repair lamp cords, and how to dioose a proper diet. Pupils probably 
benefited from this treatment, but formally trained science teachers 
considered the courses to be a “hodge-podge of little value. 

Gradually there grew a feeling that general science needed broader 
goals. A study made in 1930 showed that science teachers were think- 
ing in terms of the development of interests, desirable attitudes, and 
certain general skills.® Some were still thinking of the preparatory 
function of general science, but most were thinking in terms of giving 
an understanding and an interest in the environment. It is significant 
that few considered general science to have any responsibilities towards 
helping boys and girls adjust to their social groups, find security, or 
explore their capabilities. General science teachers were thinking as 
science specialists, not as educators. ,11 

It is unfortunate that general science was so little influenced 
changed thinking in the elementary school during the twenties. Had 
general science teachers been encouraged to think in terms ° f ® 
all development of each of their pupils, many later mistakes could have 
been avoided and the potentialities of general science could have been 


exploited much more fully. , , 

It is also unfortunate that general science was f ‘ 

fected by the nature study movement of the early 1900 s. a ® ^ 

has a very sensible and human approach to the study 0 science. i y 
things-not ideas” and “Learn by doing” are among the 
govern the nature study program. Pupils respond muc more ® § JJ 
to the procedures of nalufe study than to the procedures of formalized 
science that prevailed in general science whenever su jec m 
specialists took over the program. • ^ tliP 

In 1932 there appeared the yearbook of the National 
Study of Edueation-a publication that to have a ^ “ 

general science.” This yearbook proposed for the ^ P 

lie schooling a science program based on the 
The yearbook listed thirty-eight major f 

objectives for science instruction throug ou 

elementary, junior high, and generalizations of sci- 

Bnilding a science Tnd will-integrated outline 

ence makes possible | j„u point of view. Tliis type of 

which is extremely logical from tn F 


n A “Science Objectives at the Junior ami 
» Hunter, G. W„ and Knapp, It. A., Mro __ October, 1932. 

Senior High School gdefia. Fail I, Tliirty-Brst year^h o( 

« A Ftogram for the i [ Edneation, Public School nilihdiing 

the National Society for the Stiidy or ca. 

Co., Bloomington. HI-. IJJ— 
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presentation appeals to administrators who like clearly defined objec- 
tives and well-developed sequences. The proposals of the 
were quickly given widespread approval and have dominated tne 
thinking of science educators for the last two decades. 

There have been objections to the proposals outlined in the thirty- 
first yearbook from the beginning. Hunter in 1932 said, These gener- 
alizations completely leave out applications of science to the lives of 
children, no reference to health or citizenship objectives as such being 
found Intellectual objectives hold complete domination over prac- 
tical ones.” ^ 

Despite the objections of Dr. Hunter and others, general science 
continues to be dominated by intellectual objectives. Courses of study 
and tc.xtbooks emphasize generalizations rather than discovery. Dem- 
onstrations and experiments are used to “prove” that what the books 
and teachers say is true rather than to permit problem-solving situa- 
tions. The potentialities of the immediate environment for developing 
the emotional and social side of pupils are neglected in most general 
science courses. 

General science has another handicap, which is a result of the times— 
a superfluity of material. As each major development of science has 
been brought to the attention of the public— television, jet planes, 
nuclear reactors,— teachers and authors of texts have hastened to add 
them to the curriculum without considering the suitability of the added 
material. As a consequence, courses of study and textbooks are filled 
with information that is “up-to-date,” but which has little or no func- 
tion in meeting the general objectives of education. 

The picture that general science presents today is one of a course 
that is not realizing all its polenlialUles. A symptom of this failing is 
a low interest in senior high school sciences, the diversion of capable 
students into other than science fields, and the shortage of scientific 
personnel in industry and governmental agencies. Some of the failures 
of general science are due to circumstances beyond the control of indi- 
vidual tc.ichcrs. Large classes, heavy class loads, and inadequate facili- 
ties are the inevitable result of a rapidly expanding school population. 
But there arc other failures that result from the selection of unsatis- 
factoiy- objectives. Tlicso are failures that can and should be remedied 
quickly. 

Tlic cli.-illengc is obvious. General science is a course of great im- 
portance in tile secondary school curriculum. In terms of influence 
on a flirge number of boys and girls, general science should be con- 
sidered tlie most important ot all the secondary school sciences. 

Wr."’ "'C oik! Senior High School 
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THE ELECTIVE SCIENCES 

Since about 1920, the choice of elective sciences in most high schools 
has narrowed to three: physics, chemistry, and biology. Occasionally 
a school offers one or more other electives in science because of the 
facilities or because of the interest of an individual teacher. But the 
numbers of pupils enrolled in these courses is not large. Table 7 gives 
the enrollment in the more common science electives in 1948-49. To 
meet special needs special courses have been set up on a local basis. 


One-semester course 

Full-year cowse 

132,210 

34J,691 

134,474 

477.661 

27,752 

1,046.182 

1,820 

46,226 

3,395 

986,361 

615 

2,961 

1,157 

6,513 

1,846 

1,700 

1,431 

3,620 

14,847 

38,745 

1,284 

277,550 

291 

6,715 

1,019 

1,398 

698 

2,550 

1,827 

13,132 

1,531 

405,131 

337 

1,520 

4,828 

15,747 

2,118 

5,214 


Subject 

Seventh-grade general science 
Eighth-grade general science 
Ninth-grade general science 
Advanced general science 

Biology 

Advanced biology 
Botany 
Conservation 
Zoology 
Physiology 

Physics 

Physical science 
Fundamentals of electricity 
Kadio, including electronics 
Aeronautics 

Chemistry 

Advanced chemistry 

Earth science 
Related science 

TABLE 7. Secondary school enrollrmnt 

15 or more states, 1948-49. (Data from O , - "Offerines and 

Survey of Education in the U. ’s. Government 

Enrollments in High School Subjects, 

Printing Office, Washington, 1951.) 

Enrollments in all elective twelve- 

half of the century. mounted, the ^ner-al school popu- 

fold. But even as these enrollment . _.,5;5 j.l,emistry has seemed 

lation increased too. Thus, on a jrop off seriously. Tabic 8 

to hold its own, while physics has se percentages 

gives these percentages. The pi u*" 
seem to indicate. 
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year 

1890 

Biology 

Chemistry 

10.1? 

Physics 

22.8? 

19.0 

1900 

1910 

1915 

1922 

1 Vi 

69 

8.8 

69 

7 4 

7.4 

14.6 

14.2 

8.9 

n O 

1928 

1934 

13 6 

14.6 

7.1 

76 

t).o 

0.3 

1949 

184 

76 

5.4 

1955® 

196 

73 

4.0 


TABLE 8. The percent of pupils euroUid m certain coiirsci In science 
in public hi"h * I'stimiilr hasnl on a sample of public sec- 

ondary day schools. (From Brown. K. E.. “Nation.il Enrollments in 
High School Science,” The Science Tcacbcr. March. 1930.) 


In table 8, the pcrccnt.iges for any one year arc based upon the 
total enrollment in the upper four grades for that year. Obviously, no 
ninth grade pupils wovild liavc elected physics nr clicmistr)' during that 
year, and few would have elected biolog)*. Yet their numbers swell tlic 
base figure and decrease the resulting percentages, by the same rea* 
soning, the percentages for physics and chemistry arc still further re* 
duced because few tenth grade pupils arc permitted to elect these 
subjects. 

Brown attempts to give a more realistic picture of the present situa* 
tion by assuming that biology Is elected only by pupils in tlic tenth 
grade, chemistry, by pupils in the eleventh grade, and physics, by 
pupils in the twelfth grade. He then calculates percentages in terms 
of the pupils eligible to elect these courses. His results arc given in 
table 9. His figures favor biology over chemistry and chemistry' slightly 
over physics. 


Subject 

Biology 

Chemistry 

Physics 


Actual enrollment 
1,293.900 

482,700 

302,800 


Percent 

72.61 of tenth year 
enrollment 

31.9Z of eleventh year 
enrollment 

23.55f of twelfth year 
enrollment 


TABLE 9. Approximate percentage, of eligible prrpil, enrolled 
senior Ingir school sciences in 1954. (From Brown, K. E., op. cit.) 


The charge that high schools are not guiding enough young people 
into scientific work cannot he refuted. Perhaps the fault lies in the 
nature of the senior high school courses. Certainly if most of the 



The science program in our schools 


81 


302,800 pupils who elected physics in 1954 were to choose careers in 
science, some as engineers, some as physicists, some as technicians, the 
effect would be appreciable. And if a substantial majority of the mil- 
lion or so who elect biology yearly were stimulated to continue their 
training in science the supply would begin to overtake the demand. 

High school sciences tend to be influenced strongly by college and 
university science programs. At one time high school science was com- 
pletely dominated by colleges and universities, even the content being 
dictated through the College Board Examinations. The direct influ- 
ence is not so strong today, but teachers are apt to think in terms of 
preparing boys and girls for the college sciences. In 1930, high school 
teachers listed college preparation as their most important objective.® 
It would be interesting to know how many today set up the same ob- 
jective, consciously or unconsciously. 

The method and content of college science courses is rarely well 
suited to the needs and interests of secondary school pupils. Attempts 
to prepare for such courses by drill on vocabulary, emphasis on memor- 
ized formulas, laboratory work devoted to gaining skill vvith coUege 
laboratory apparatus, and insistence on verbalization of principles 
rarely produce stimulating high school courses. 

High school pupils need entirely different types of courses, ^ey 
need courses that satisfy their immediate needs and that enable them 
to explore their own interests and abilities. They need courses that 
show them the great challenge of work in science. 

High school science courses should give only minor considerations 
to college needs. Boys and girls who have developed strong interests in 
science, who have rich backgrounds of science experiences, and who 
have confidence in their abilities will succeed in the college sciences. 


Biology. Biology is by far the most popular of the elective science - 
The Igures of^Lwn* indicate that a substant.al 
school pupils elect biology. The rapidly increas.ng 

the last fifty years, even as school populations have risen at a startling 

rate, attest to its appeal to y”""® P“P'';„„„l„rity of biology has in- 
One can only speculate as to ^y th pj> y^^^i^^y^Vliaps 
creased so much more than ‘•’“t of ph^ by tradition 

It is because biology teachers ha p^,baps piijhls find the subject 
and by the influence of college scie . P P ^P P ,,,^^ 5 ^b-cs. Per- 
matter more meaningful and more e y I 

n A “Science Objectives at the Junior and 
8 Hunter. G. W.. and Knapp. R- A., October. 1932. 

Senior High School Level, High School Scienc-c, The Science 

0 Drown. K. E., “National Enrollments ,n mg 

Teacher, March, 1956. 
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haps biology lends itself successfully to the teaching of classes con- 
taining pupils with a wide range of abilities. 

High school biology today l>ears little resemblance to its forebears 
of the nineteenth century. Previous to 1900, schools offered separate 
courses in botany and zoology, and later in human physiology. These 
courses emphasized classification and morphology. Laboratory work 
was primarily concerned with detailed studies of structural tj'pes. 
Teaching was strongly influenced by the doctrine of formal discipline 
which held that the mind could be trained by special exercises. 

The closing years of the century saw certain significant develop- 
ments. Teachers began using experiments in physiology in place of 
studies of structure alone. The rising nature study movement, which 
emphasized the study of living things in their natural environment, 
stimulated field work and the study of interrelationships. These two 
factors greatly changed the pattern of biology courses. 

In 1900 the move to unify the several phases of biology into a single 
course gained momentum. At first the resulting courses consisted of 
distinct sections devoted to zoology, botany and human physiology, 
respectively. In these courses, type studies were often used, with per- 
haps an apple tree to illustrate a woody plant and a grasshopper to 
illustrate an insect. Field trips were taken to see these organisms in 
their natural environment. Laboratory e.xerciscs gave detailed studies 
of their structure and experiments with their physiology. 

Such courses persisted into the 1920’s. In many ways they were ex- 
cellent courses, interesting and effective in meeting the goals of science 
education. Unfortunately, it was all too easy for the type studies to 
become formalized into the pattern of college sciences. And the lack 
of integration between the separate sections of the course disturbed 
many educators. 

■pie Thirty-first Yearbook of the National Society for the Study of 
Education had as great an impact on secondary school biology as it 

1 upon general science. A number of the thirty-eight major gener- 
alizations of science listed in the Thirty-first Yearbook as objectives 
tor a twelve year science program were derived from the field of 
biology. 


Courses built upon these generalizations differed completely from 
earlier biology courses. They were well integrated. Plant and animal 
cells were studied at the same time, to malce comparisons easier. All 
forms of reproduction were combined into one unit. Such biology 
courses were systematic, highly logical, and generally appealing to 
secondary sebool science teachers. Today most high school biology 
courses and most textbooks are organized on this plan although in 
recent years modifications are increasing. 
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Excellent as a course based on major generalizations may appear on 
superficial examination, serious defects show up in actual use. The 
use of major generalizations as goals to be attained quite effectively 
eliminates the discovery approach to science. No pupil can possibly 
discover enough in one year to arrive at even one major generalization. 
Experiments, demonstrations, and field work must be used chiefly as 
illustrations of the ways generalizations apply. Indeed, laboratory and 
field work can be minimized or even eliminated in such a course be- 
cause books, films, and slides are able to present applications of gener- 
alizations much more quickly and effectively and without tlie problem 
of introducing confusing exceptions. 

Much that was good in earlier biology courses was lost in using 
major generalizations as objectives. Type studies were abandoned, 
although type studies give the best concepts of an organism as a whole, 
since an organism is more than the sum of its parts or the sum of its 
processes. Lost too has been the emphasis upon the place of living 
things in their natural environment, a loss that cannot be replaced by 
a single unit on the principles of ecology. 

On the whole, the recommendations of the Thirty-first Yearbook 
have improved high school biology greatly by providing an effective 
organization. Major generalizations are c.xcellcnt centers about wine \ 
to build a program. But the discovery approacli to biology requires 
more specific objectives. 


Physics. Ever since World War II, the critical shortage of engineers 
and physicists has brought dismayed looks at the enrollments in high 
school physics. Certainly the statistics given in table 8 arc not flatter- 
ing. One cause for such low percentages in recent years has already 
been discussed as a matter of arithmetic, namely, the choice of a base 
that automatically keeps percentages low. Table 9 indicates that actu- 
ally about one pupil in five elects physics during lis senior ) car. 

The cause for declining percentage sin« 19(» is ■" 
of the increased holding power of the Ingh school. In 1^. P' P 
Without interest or ability in physics nsnalK- left scl.ool 
a high proportion of those 

the base ™ P^'; "8“ ,choot a half century ago. 

ofpnp.lswhowonld notlia.cst 

Using a dilTerent base l-XX). They h.n c 

picture. Enrollments in pti>s P^^ 

hept pace with the gencnal P P ' ,i,^,,|K„.t the same proinirlinn of 

ary school physics seems to as^rnierly. Hut all .such tlhcus. 

hovs and girls with science ap i • pf,^-sjc^^ts and cnginiXTS 

Sinn l^ust^lot obscure the fact that «r> i . 
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are being trained each year. High school physics should attract many 
more boys and girls than it does and it should guide a substantial num- 
ber of them into scientiSc careers. 

The relative unpopularity of physics is not due to the nature of the 
subject itself. No area has more applications to everyday life. No sub- 
ject deals with more exciting devices. The fault lies in the goals that 
are set up by teachers. 

Marcus, in the preface to bis high school text, points out that the 
popularity of phvsics has not been improved by simplifying the con- 
tent or by squeezing out the mathematics. He identifies the offending 
factor thus: “For the great majority of high school students who are 
not going to college, and even for most wlio do, a high school course 
that is a preparation for a college physics course is meaningless. 

But despite the efforts of Marcus and others, the college preparatory 
function of high school physics continues to dominate the tlunbing of 
physics teachers. As Hunter said at a much earlier date, “Physics as a 
college entrance subject has been so firmly entrenched that teachers 
have had little opportunity to do more than follow rather definite 
courses of study based on factual material and laws which college 
professors deemed necessary as a basis for further achievements in 
college.” “ 

The following are some of the causes for the inadequacy of second- 
ary school physics: 

1. Emphasis upon principles and “laws” rather than upon the con- 
crete things of the environment. 

2. Insistence upon memorization of formulas and standardized wavs 
of solving problems. 

3. Excessive use of mathematical exercises in order to develop skills 
with formal science problems. 

4. Employment of stereotyped laboratory exercises and materials of 
the type used in formal college classes. 

5. Failure to provide for individual differences. 

6. Inability to stimulate original thinking. 

7. Refusal to accept responsibility for social and emotional growth 

or pupils. ° 


If physics teachers would discard the ailiflcial standards established 
long ago by the colleges, reorganization of physics into a vital and 
worthwhile subject would not be difficult. A physics course can be set 
up to deal with the things of the environment. To quote Marcus again: 


N *j“"i's52* " Frenlice-Hall. Englewood Cliffs, 

)' ‘'V"*'.'’ M Junior and Senior High School 

Levels, American Book, New York, 1932. ° 
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For most students this means an understanding of the concrete objects 
of their environment, not the abstractions. It is not the various physical 
theories, laws and principles, but rather the automobile, the airplane, 
the alternating-current motor, the radio receiver, the television set, the 
atomic reactor, that constitute the physical environment ot the stu- 
dents. 

A physics course designed for high school boys and girls should he 
flexible enough to permit pupils to follow up their specia interes s an 
utilize their various talents. It should be based upon the discovery ap- 

proach and the problem solving technique. Laboratory wor ' s ou 

devoted more to experimentation and less to verification exercise^ 
Much class time should be spent on individual and group project wor . 

Chemistry. Chemistry has fared belter than physics 
during the past few decades. It has continued to a ou 

same percentage of pupils from the general schoo popu . r 

years. It has broadened its appeal to the type of pupi w i 
school long before graduation. . 

As in the case of physics, however, chemistry is ^‘•'■'”’8 
adequate number of young people into scienti c 
tahe the high school science course and then turn 

"’xhi'critlclts that have been leveled at physics apply 

to chemistry. The usual chemistry course .s ^ ^ 

pletely with^ abstractions^ Pupijs -"reV-l- '7r:m^ho 

cples minor facts, chemical shortl.and until they as- 

very beginning they are dnlM i h 

sume that formulas and equations „l,pmistrv 

fled way of expressing wh.at “ of sets of exercises. 

Much laboratory work n O chemical appa- 

Some of these are ^aredesfgnerl to illustrate generalizations 

ratns and procedures Others P,. 

made in books and lectures. • ) answers to real problems, 

periments in which they arc ryi g j I,, chemistry has been 

It is interesting ■‘X„,“ne wl- 

able to maintain its enrollmc • answer. To boys and girls of the 
pupils, however, may suspcc ‘ . suggests all hinds of exciting 

early secondary school grat CS C fjubblings, startling trans- 

things— explosions, color ^ ^ance that scienct' fiction gives 

formations,— strongly tinlet "> * tbeni are disillusioned! 

to chemistry. What a pit) «-imc reorganization as was sng- 

Chemistr)’ needs somewhat tne • 

Ntarctis. 
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gcslcd for high school physics. More attention should be given to ma- 
terials with which the pupils are familiar. True experiments should 
replace many of the stereotyped laboratory exercises. The problem 
solving approach should be used extensively throughout the course. 
Pupils should he encouraged to engage in extensive project work. 
Most imporMui of all, the preparatory function should be minimized 
and pupib should be allowed to follow up special interests and develop 
along lines in which they show special ability. 

Minor electives in science. The 1948-50 survey by the United States 
Office of Education produced a remarkable list of science electives that 
were offered in our schools : Except for physics, chemistry, and biology, 
most of the courses had such small enrollments that the report did not 
even bother to give the enrollment figures. And for all the more com- 
mon electives the total enrollment was less than that of physics alone. 

Low enrollments do not mean that such courses are of small conse- 
quence. There is a great need for additional science electives in our 
schools, and many young people would benefit greatly by taking 
properly designed science electives. 

The problem of providing adequate science electives is made difficult 
by pressures for teacher time and for laboratory space. Many small 
schools are just barely able to maintain the three major electives by al- 
ternating them with each other or with other subjects. Experimentation 
with additional electives has been done generally in the larger schools.*® 
Tlicre is also a shortage of adequately trained teachers. It is difficult 
to find sufficient personnel to handle the conventional program, which, 
because of the demand, must be given preference. In addition, not all 
science teachers are capable of handling science electives for pupils 
who wish non-academic” electives in science. Such courses need 
leacliers with a great deal of understanding of pupil problems. 
Teachers who think only in terms of rigorous treatment of subject 
matter fail completely when they try to teach these broader courses. 

Pupil programs arc crowded, too. After requirements in English, 
social studies, and physical education are met, there are not many 
periods remaining for clectwes in language, fine arts, mathematics, 
science and the many fascinating technical subjects. Science does not 
fare well in the competition save among the most academic-minded 
pupils. Perhaps the nature of the electives has been at fault and per- 
haps some better desiped courses would boost enrollments. 

Table 7, page «9, lists some of the many attempts to provide sci- 
ence courses for pupils wlio might not benefit from the usual courses in 
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physics, chemistry and biology. Of these, the most popular is advanced 
general science, which by its title implies an extension of the work o 
the ninth grade at a more mature level. Related science is similar to 
advanced general science in scope but the emphasis is upon app i 
tions of science to situations familiar to pupils. The organization is 

schools, found a „u.uW ofthe™ « 
courses in applied physics, applied chemistry, 

These courses are usually less rigorous than the academic “u - they 

parallel. Physical science is occasionally offered as 

physics and chemistry. It shows promise of maloug ®P”t“t 

tributions but is not attracting any great enrollments as y . 

science was once hailed as an excellent ““exp ee- 

pupils xvho would not go to college, but it has not lived up to expe 

““ Comses such as those listed “^ove 

they require excellent teaching facilities. ® ^ c ^ major 

courses are the pupils who lack the specia “ ’ ' ‘ , jj jp general 

in science. These pupils have done only y S 

scienee. They do not have much conBdence m their ability to 

‘^tr^upils need courses that are based upon first-hand 

Classes should be small. Emphasfa should be upon ^d ^ J 
work. Mueh of their elass time should be devoted to project 

the solution of individual problems. almost diamclri- 

In practice, conditions for these courses • 
cally 'opposed to the ideal. for inde- 

assigned to standard classroom j “second 

pendent work. The assumption Teachers have 

rate” individuals cannot liencfit ' ppJ pj^ssroom discussions 
been at fault, too. They lavc use I p jjmp pi,,,|lengc in 

rather than the discovery approach. There 
many of the courses. 


lany of the courses. attempt to combine the less rigorous 

Physical science courses, whic ,,p. 

portions of physics and clicmis r) courses will allow 

signed to provide i fpst-liand experiences, llic slower 

adequate time for learning ‘''.'‘’“f V [^^papMs will he .able to profil. 
readers and tin- less „ are dominatixl by the c-ollege 

Unfortunately, many of t w p„pi,, fp, „l,oiii they are 

tradition and so are of MUt • 
d(.*signed. 



86 


An inlroduclion to science teaching 


nested for hieh school physics. More attention should be given to ma- 
terials with which the pupils are familiar. True experiments should 
replace many of the stereotyped laboratory exercises. The problem 
solving approach should be used extensively throughout the course. 
Pupils should be encouraged to engage in extensive project work. 
Most important of all, the preparatory function should be minimized 
and pupils should be allo\ved to follow up special interests and develop 
along lines in which they show special ability. 


Minor electives in science. The 1948-50 survey by the United States 
Office of Education produced a remarkable list of science electives that 
were offered in our schools: Except for physics, chemistry, and biology, 
most of the courses had such small enrollments that the report did not 
even bother to give the enrollment figures. And for all the more com- 
mon electives the total enrollment was less than that of physics alone. 

Low enrollments do not mean that such courses are of small conse- 
quence. There is a great need for additional science electives in our 
schools, and many young people would benefit greatly by taking 
properly designed science electives. 

The problem of providing adequate science electives is made difficult 
by pressures for teacher time and for laboratory space. Many small 
schools are just barely able to maintain the three major electives by al- 
ternating them with each other or with other subjects. Experimentation 
with additional electives has been done generally in the larger schools.^® 

There is also a shortage of adequately trained teachers. It is difficult 
to find sufficient personnel to handle the conventional program, which, 
because of the demand, must be given preference. In addition, not all 
science teachers are capable of handling science electives for pupils 
who wish non-academic” electives in science. Such courses need 
teachers with a great deal of understanding of pupil problems. 
Teachers who think only in terms of rigorous treatment of subject 
matter fail completely when they try to teach these broader courses. 

Pupil programs are crowded, too. After requirements in English, 
social studies, and physical education are met, there are not many 
periods remaining for electives in language, fine arts, mathematics, 
science and the many fascinating technical subjects. Science does not 
fare well in the competition save among the most academic-minded 
pupils. Perhaps the nature of the electives has been at fault and per- 
haps some better designed courses would boost enrollments. 

Table 7. page 79, lists some of the many attempts to provide sci- 
ence courses for pupils who might not benefit from the usual courses in 


Johnson, Phnip C. T/ie Teaching of Science in Public High Schools. 
Bulletin 19o0. No. 5. United States Office of Education. Washington, 1950. 
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their superior abilities. Although special funds are commonly appro- 
priated for the education of the mentally and physically handicapped, 
little or no provision has been made for the gifted. Benjamin Fine, 
writing in the Neiv York Times of October 10, 1953, states the situation 
succinctly: “Generally the student on the upper intellectual scale is 
left pretty much to shift for himself.” Some of these bovs and girls are 
able to make progress on their own initiative. The wonder is that so 
many of them do. The remainder drift into mediocrity. 

In recent years the critical shortage of leaders, particularly in the 
scientific fields, has focussed attention on the problem, and there is 
increased experimentation in the area of educating the gifted. For- 
tunately, there have been foresighted educators who have bLized 
trails that others may now follow. 

Some schools have introduced special "honors” classes in the sci- 
ences, in which pupils with unusual science aptitudes and interests can 
find an enriched and accelerated program. Unfortunately, such classes 
are often arbitrarily dropped by administrators because of difficulties 
of scheduling. "Honors” programs have also been attempted in schools 
hirge enough to maintain a section that parallels the other sections of 
the regular program. In these programs, pupils pursue an entire 
program that is enriched and accelerated. Even in many extracur- 
ricular activities they tend to be set apart. 

New York City has led the way in establishing high schools 
devoted entirely to pupils with high scientific aptitude and inter- 
ests. Of the 600,000 gifted pupils in the entire United States, at least 
200,000 live in cities large enough to afford such specialized schools. 

Although statistics cannot be gathered, the greatest amount of ex- 
perimentation in this area has been done by individual teachers who 
have tried to enrich their regular science clas.scs for the benefit of the 
occasional gifted pupil assigned them. By ind/i’iduaJization of instruc- 
tion, by science clubs, by informal guidance, these tcaclicrs liavc done 
much to provide tins nation’s top scientists. 

Adaptations of the regular program. A surs’cy of the United States 
Office of Education based on a sample of 850 schools of over 300 pupils 
lists thirty techniques, provisions and procedures teachers consider to 
be “extremely” effective in teiiohing science to rapid learners. Tlicsc 
techniques, provisious and proce<hires are listed l)cln\v, in order of 
their frccjucncy of use: 

1. Insist th.^t tlic .slniJcnfs report .science experiments honestly and 

2. Enwumge sitidenls to use scic-iitific eiicyclop’dias and references 
in prep.iring sciejice reports 
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Earth science is not a popular science, as table 7 shows. It does 
have interesting possibilities, however. It deals with t mgs w ic 
pupils see all about them. It is well adapted for firsthand experience 
learning. It can be taught entirely on the problem solving basis. It is 
challenging to all types of pupils Many schools use it as an alternate 
elective for physics or chemistry and recommend it to pupils who are 
interested in science but who would not do well in physics or chemistry. 
Other schools use it to replace ninth-grade general science for pupils 
of superior ability. New York State is recommending it for this last 


purpose.'' 

The greatest handicap to earth science as a popnlar elective is the 
domination by the college sciences. Language tends to be unneces- 
sarily difficult Laboratory exercises are patterned on college geology 
courses with hours spent on the identification of purchased specimens, 
on the reading of topographic maps, and the coloring of geologic maps. 
It can, however, be organised to utilize simple language and to deal 
with familiar problems. It can answer the need of many schools for an 
additional science elective. 


PfiOV/S/ONS FOR GtFTED PUPILS 


The most casual survey of the entries In the annual Westinghouse Sci- 
ence Talent Search produces convincing evidence that there are in the 
general school population some boys and girls of remarkable scientific 
ability. If the survey is e-xlended to include state and regional science 
fairs, it reveals some of this nation’s potential in science. 

The Educational Policies Commission of the National Educational 
Association expresses the conviction that the highly gifted and the 
moderately gifted pupils make up the top ten percent of the school 
population.'® Of the six million boys and girls in public high schools, 
600,000 have an IQ above 120 and include most of tomorrow’s leaders 
in husincss. politics, professions, sciences, and the arts. 

A large number of this 600,000 gifted group must have a consider- 
a )lc amount of scientific talent, far more than is evidenced by the 
Science Talent Search, science fairs, and the entrance into scientific 
professions. The waste of all this ability is the result of sheer neglect.' 
Exceptional pupils have rarely been adequately challenged to develop 


vS v"y c" S'"®!* Content of the New 

Education Deparfa^nt. Albany, 1Q56. 

,n,l . ^ Commission of Uic National Education Association 

VVu n Scluxil Administrators. Education of the 

Ciftrd. N..t.onal Lduc-alion Association, Washington. 1950 
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It IS impossible to judge from the statements alone j'ust what a 
teacher means by these “techniques, provisions, and procedures,” and 
equally impossible to judge how they are used and how effective they 
are. Certainly as they are stated a large maj'ority of them do not seem 
well designed to stimulate talented pupils. And those which have 
evident possibilities, such as serving as assistants, carrying on inde- 
pendent research, participating in planning, competing in science fairs, 
forming science clubs, and working with contract units, rate low in 
frequency of use. 

Such statistical evidence as the above does not give a very promising 
picture, Terman sums the matter up tersely; “Attempts are sometimes 
made to enrich the program for especially bright children in the 
ordinary classroom, and such programs at their best can be very help- 
ful. Unfortunately, the so-called enrichment often amounts to little 
more than a quantitative increase of work on the usual level.” ” 

An "honors" program in science. One well-known honors program in 
science is the remarkable program introduced by Paul Brandwein in 
the Forest Hills High School. This program is past the experimental 
stage, having been developed in 1941 and in continuous operation since 
then.^* 

The Forest Hills Honors program in science begins officially in the 
tenth year but interested pupils in the ninth grade are encouraged 
to work in the science laboratories on their free time. This enables 
them to explore their own interests and allows teachers to become 
better acquainted with individuals who might become members of the 
honors program. 

Any pup}} who intends to pursue a career in science may enter the 
honors program on his own request. Others who show promise are 
invited into the program by the science staff members. Undoubtedly 
there is a good deal of unofficial and informal guidance involved in all 
decisions to enter the program. No pupil is permanently committed 
to the program; many transfer out and about an equal number enter to 
take tbeir places. 

Once in the program, the pupils arc placed in special sections of 
biology, physics, and cjicmistrj', designalc<l as “honor" classes. The 
work in these classes is both enriched and speeded up as compared 
with standard courses. The pupils arc required also to take additional 

” Tcnnan. L. M.. and Oden. M. H., “Tlic StanfonI Stndi«-s of llio Gifli'd," 

The Ciflril ChiUl. l\uil «!., The Anierican A>isocl.ilion for Gifted 

Children. Heath. Hoston. 19>I. , . , . 

Kor a more detail«-<l nctxmnt of thh propram topother with a di^Huon of 
reMilts,’ read: llranduriii. I’. T., The Gifted Studeut at Future Scimtiit, 
Ilarcotirt. Brace, New ^orh, 19K. 



An introduction to science teaching 


3 Include activities to stress banc skills such as reading tables, ob- 

4. and other biases that block 

5. cteTdtTsrpleuctphelpmgwa^i^^^^ 

6. Help students understand scientific reasons for fare sate y 

sanitary standards, and first aid . , , i j „ 

7. Discuss with students the qualities that help a person hold a )ob 

8 EnSfura^ students to read stories about famous scientists 
9. Teach sSidents to read and evaluate science materials from news 


10. Guide students to evaluate science notebook work agains p- 

propnate standards , 

11. Stimulate pupils to plan and carry out projects of the experi- 
mental research type t ■ in 

12. Encourage students to collect clippings on the uses ot science 

everyday bfe , i l * nd 

13. Arrange for students to become assistants for class, laboratory ana 

science club work . 

14. Encourage students to engage in recreational reading of science 

fiction , 

15. Help students understand how tools, such as the hammer, plane, 
drill, and screwdriver, operate 

16. Announce and conduct discussion of radio, television, and movie 
presentation of scientific events 

17. Help students analyze information in statistical form 

18. Help pupils participate in pupil-teacher planning to discover real 
problems for study in science 

19. Instruct students to repair simple home appliances such as toasters, 
extension cords, and lamps 

20. Guide students to know the values of foreign languages for work 
in the sciences 

21. Encourage students to participate in adult activities, such as pro- 
viding information about sewage disposal systems 

22. Arrange for students to try competitive science examinations and 
aptitude tests 

23. Encourage students to study the science that underlies proficiency 
in special interests such as music and art 

2-1. Use contracts and other methods that provide for learning ac- 
tivities at diSerent levels 


25. Help students to visit establishments where scientific products are 
made or used 

26. Help students particip.ite in local science fairs and congresses 

27. Make use of puzzles and magic in teaching science 

28. Expect students to make written reports on scientific happenings 
for the school paper 

29. Arrange for doctors, nurses, engineers and others to meet with 
science classes 

30. Arrange for students to attend meetings of science teachers and 
scientists 
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Pupils who apply for admission to the Jlrou.v High School of Science 
are selected on the basis of an examination which may be supple- 
mented by an interview that explores the applicant’s interest in a sci- 
ence career. During tl)e first year in the school, eq(tiva!ent to the ninth 
grade, pupils study units which arc integrations of the usual high 
school subjects. To supplement regular instruction, trips, movies, and 
guest speakers arc usc<l extensively. Ptipils have opportitnities to work 
in the laboratories on projects of their own choosing. 

In the tenth grade, the curriculum proper begins. Emphasis is upon 
general education with opportunities to pursue special intere.sts. Upon 
graduation, pupils in this curriculum will have studied tour )c‘ars of 
English, four years of social studies, three years of a language tour 
years of science, three or four years of rnnthcmatics, four years t^f 
health education, and courses in music and art appreciation. 

In his science program, a pupil has the opportunity to follow up hi . 
tenth year biology course with an elective course in clinical laboratoiy 
techniques, field biology, or nutritional science. The physical science 
program includes pfiysics, chemistry, industrial arts and mechanical 
drawing. These courses may be followed by electives in aeronautics, 
electronics, motor engines, elementary qualitative analysis, elementary 
organic chemistry, historical development of science, advanced draft- 
ing and advanced science laboratory techniques. Each course is liber- 
ally provided with opportunities for individual laboratory work and 
individual projects. 

The achievements of the Bronx High School of Science are worthy of 
more extensive investigation than can be given here. Meister gives the 
following data for the graduating class of 1947; Of the 285 graduates, 
283 were in college the next year. They had received 579 acceptances 
from 78 different colleges. They were awarded 125 scholarships worth 
$160,400.““ 

Bronx High School of Science pupils have won more scholarships 
and honorable mentions in the annual Science Talent Search than the 
pupils of any other school.** One sixteen-year-old was elected a Fellow 

20 Meister, M., op. eft. 

21 Although this record is remarkable, even more spectacular is the record of 
the Forest Hills High School which is not a school for gifted students as are 
the Bronx High School of Sdence and tlie Stuyvesant High School. The 
records up through 1954 are: 

Bronx High School of Science 
Stuyvesant High School, Ne<v York 
Forest Hills High School 
Evanston Township High School 
Brooklyn Technical High School 
Midwood High School, New York 


Honorable 
Finalists mentions 
18 84 

17 54 

17 57 

8 
8 
8 
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malheraatics and language so that upon graduation they have had 
four years each of science, mathematics and a single language. 
'°AfCnc term in the program, pupils may enter an advanced science 
class which permits the pupils to work upon pro,ects of their own 
choosinv. Pupils also have the following opportunities: 


1, to cnirage m ongindl research 

2. lu publish papers 

3 U) learn special sr lence laboratr^ techtiiques 
•1 tti gam skill with science materials and instruments 
" to gam skill m shop woik 
6 to engage m libiaiA' research 

7. to take special mathematics courses as far as calculus 

8. to take a college physics course 

9. to engage m seminars of the Science Society and the Mathematics 

Honors Society . , 

10. to prepare exhibits for science fairs and to compete in the annua 
Westinghouse Talent Search 

Much emphasis is placed on projects and genuine research. Ex- 
amples of some of the projects as listed by Brandwein are: 

1. Do zygospores of Ehtzopus nigricans germinate? 

2. How long does digestion take in the food vacuoles of different pro- 
tozoa'* 

S. Why docs C1\aos chaos seem to have only a regional distribution? 

4 VN’h.it is the eifect of ultraviolet on flour beetles fed with buck- 
wheat? 


That pupils benefit from their special “honors” classes in science is 
unquestioned. It seems likely, however, that their greatest benefit de- 
rives from the close contact between these young people and a group of 
stimulating, professionally dedicated teachers. Results are spectacular. 
In thirteen years 354 students have graduated from the program. 
Ninety-five percent of these have gone to college and ninety percent 
arc committed to a science career. Several hold Ph.D.’s in science and 
have made significant contributions to research. 

It is impossible to determine whether these 354 students would have 
succeeded equally well in a standard program. It is doubtful, however, 
whether any other regular high school of the same size (3,400) can 
point to similar achievements. 

A high school of science. The Bronx High School of Science is one 
of the several specialized high schools provided by New York City 
for its boys and girls. It is one of four that tend to attract pupils of high 
academic ability."' 

For a competent de^eription of thK high scliool written by its principal 
rc.'icb Meistcr. M.. “A High School of Science for Gifted Students,” The 
Ci/tc<f Child, Paul Witty, cd.. The American Association for Gifted Children, 
Heath, BoMon, 1951. 
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tlieir pupils equal opportunities. Tliey encourage independent work 
in the classroom and outside. They employ various types of grouping. 
They detach individuals or small groups for work on special projects. 
Tlicy sponsor science cluhs and other out-of-class science activities. 
They use the stimuhts of science fairs and congresses to develop special 
talents. 

These techniques can l>e used in some degree in any existing school 
system. Additional teclmiques can be devised. Thus the problem can 
be met in large part l)y science teachers themselves without special 
help. For a complete solution, school administrators and the public 
must be convinced of the need for broader educational opportunities 
so that they will provide the moderate-sized classes, large classrooms, 
libraries and workshop facilities, and generous supplies needed to help 
each young person develop himself to the utmost. 

A well informed public. Scientific advances tend to proceed faster 
than tlie general public’s ability to use them wisely. Bulldozers are 
ripping out segments of natural beauty before most citizens have 
become aware of the value of these assets. Each city dump testifies to 
the disregard for waste of non-renewable resources. Large numbers 
of adults refuse to be inoculated against epidemic diseases because 
they do not recognize the explosive nature of such epidemics. 

The general public is in an excellent position to learn about each new 
discovery but many people are unable to grasp the significance of the 
information presented to them. They do not have a background 
sufficient for interpreting properly what they read and hear. 

Strategically, the secondary school science program is in a good 
position to give young people the background they will need as adults. 
The program can give both information and the techniques for gaining 
information. This does not imply that the science program should at- 
tempt to pump more and more information into young people. The 
goal should be an informational base upon which later learnings can 
be built together with a strong interest in pursuing a subject further 
after formal schooling has ended. 

A critical public. Undoubtedly the average citizen today uses more 
discrimination in the conduct of his personal and public affairs than 
did his counterpart a century before him. Nevertheless, there are still 
too many people who are swayed unduly by the repetition of slogans, 
by appeals to the emotions, by pseudo-scientific claims, and by other 
tricks of persuasion. Ail too commonly the decisions thus affected 
result in harm to the individual and to society. 

Science education has always had as one of its major objectives the 
development of critical thinking; that is, reflection upon the conse- 
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,f the Itoyal Microscopic Society of London. Another discovered a new 
snccics of fruit fly. A third discovered a new variety of a mold which 
Ins been named H.S.S., the iniUals of the school. A number of pupi 
contributed to leading scientific .onrnals. Of *= alnmm aW 
300 are doctors or dentists, 1500 are engmeers, 200 are doing ■'“earc , 
500 are laboratory technicians, and 1000 are teachers of science in high 
school or college. (These flgnies are for 1030.) 


CHAUENGES TO SCIENCE EDUCATION 

Science education has much of which it can be proud. As part of the 
general curriculum it has helped brealc down social stratification and 
increase opportunities for all, a process that has proceeded at a p e 
nomcnal rate As a special subject it has helped train men who have 
been responsible for our amazing technological development, wme 
has brought standards of health and comfort undreamed of a few 
centuries ago. 

There still remains much to be done, and the science program has 
Its share of the obligations both as part of the general curriculum and as 
a special subject. Much can be done by improving present practices 
and by speeding up existing procedures. A few problems demand 
completely new approaches; for these there must be deliberate plan- 
ning, experimentation, and careful evaluation of results. 

Equal educational opportunities for all. Magnificent progress has 
been made towards providing schooling for all young people. How- 
ever, equal opportunities for schooling do not guarantee equal educa- 
tional opportunities. ^Vhcncvc^ pupils attend classes in which the work 
is too easy or too difBcult they are being discriminated against because 
they are being denied opportunities to make the most of themselves. 

Any m.ass instruction technique— a film, a lecture, a demonstration— 
presumes that all pupils are in the same stage of development, an 
obviously false premise. All pupils are required to sit through the same 
presentation— those who already have the required learnings or could 
gain them in a relatively short time, those who have no interest in the 
material but would like to study another topic in great detail, and those 
who are not yet ready for the presentation and cannot benefit from it- 
Mass inslniclion is inefficient, svasteful of pupil time and potential. 

Completely individualized instruction might seem to be the answer 
to equal opportunities but there are both practical and philosophical 
objections to this practice. Tlie solution must fit within the present 
school framework and it must permit work in the social setting. 

Some science teachers have taken important steps towards giving all 
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Increasing numbers of technologists. There is every reason to be 
proud of present-day technology. It has given the world standards of 
health and comfort undreamed of a few centuries ago. This progress 
has been made possible by scientists who have concentrated upon 
making scientific discoveries useful. In any plans for altering the em- 
phasis of secondary science, wc should not impetuously throw away 
the practices that have helped make our technology possible. 

The production of scientists, many of whom have gone into techno- 
logical research, has increased at a fairly steady rate, though disturbed 
by two wars. At the very least present increase rates must be main- 
tained; an improvement in the rale of increase might speed up scien- 
tific developments accordingly. 


More scientists for basic research. American science is frequently ac- 
cused of being completely technological. Such harsh criticism prob- 
ably does not represent a firm conviction about the shortcomings of 
the United States; certainly no one can rightfully claim that American 
scientists have made no significant contributions to basic scientific 
discoveries. However, tlicre is enough truth in the accusation to 
warrant some self-appraisal. American science has always benefite 
greatly by a steady transfusion of European-trained scientists. Near y 
all the “named” discoveries made in this country bear the names o 
these European immigrants. Eliminating nationalistic pride horn t e 
discussion, we still find reason for questioning the type of education 
young people receive in this country. 

A broad view of the problem is needed. Agonized pleas to return 
to “the good old days” with a “good, solid course in physics is not t le 

answer; today’s scientists are a product of the good old days. Pro ^ ^ 

a serious look at European methods is needed to fin tec niques la 
can be transplanted. Perhaps present experiments in isolating excep- 
tional pupils will bear fruit. Maybe basic attitu es \ 

work must be changed in the entire population, n e *S 
current trend in international affairs, this problem is one of the most 
pressing in American education. 


Suggested activities 

of a typical school system- 

1. Study in detail the P S sequence, the prerequisites, 

the required courses, the . jo each course. Calculate the 

Also if possible, determine the course. Compare these figures 

percentage of pupils taking each science cour 

with the statistics on page 80. ^ , hicher learning for their 

2. Write to a number {cements for the.se institutir^r 

catalogues. Determine the entrance req 
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uucnccs to tic ecpccted it a proposed course of action is taken T^e 
M comlan- school science prosjani. which deals with young people stilt 
m tlic formative sears but old enough to deal with mature problems, 
Ciin do far more than it has in attaining this goal. 

In working towards habits of criUcal thinking, science teachers must 
reconsider the content of most science courses. These last have become 
so crowded hy the addition of more and more information that little 
time is left for reflective thinking. Content must be presented so as to 
permit the consideration of the significance of the material, and the 
materia] itself must be selected with a thought as to its usefulness in 
attaining the above objective. 


An adequate supply of technicians. Automation is producing startling 
changes in our methods of production. Men with shovels, wrenches 
and ii.immcrs are disappearing. Taking their places are the men who 
install, operate and service machines which are taking over the work of 
unskilled laborers. 

Technicians arc in their way scientific personnel just as are en- 
gineers and chemists. Their training is usually short and often taken 
on the job. Hut they deal with things of science and they must think 
in terms of science. They represent a vital segment of today’s society. 

The secondary school is at the ideal level for the recruitment of 
technicians, most of whom begin work immediately after graduation 
from high school or after a short, intensive training program. The 
secondary school is not called upon to train technicians, but it should 
take upon iLself the developing of strong scientific interests, the identi- 
fication of those with suitable characteristics, and the guidance of 
these young people into appropriate lines of work. 

Tlie t)'pical secondary school science program of the past has done 
little for the recruitment of technicians; it may even have interfered 
^\ifh the process. Emphasis has been upon college entrance. Pupils 
lacking high academic ability have been firmly excluded from senior 
high school elective courses. Many youngsters have been convinced 
that they h.avc no aptitude for science and have developed in conse- 
quence a strong distaste for any type of work in scientific fields. 

Two alteniatis'e procedures suggest tlicmselves as answers to the 
problem. Present courses may be broadened to provide for a greater 
range of interests and abilities. Tliis must he done with extreme care, 
however, lest the academically superior pupils suffer. Or more courses 
may be introduced for pupils of lower academic ability. This plan 
calls for early identification of talents and deliberate recruitment of 
pupils for the new courses. 



Part II 


The special 
techniques of 
science teaching 



Science teaching utilizes a number of teclmiques, each of which 
makes its special contributions to the learning process. The science 
teacher uses these techniques to insure the maximum growth of Ins 
pupils, in terms of both factual learnings and improved waijs of 
thinking and behaving. 
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sSrrLcl ^s,e» „™g the 6-6 pUn, the 8-4 plan and the 
plan (or other variatiom)- Compare the science 
bv these svslcms. How well does each of these programs coincide with 
Se propped 12-)enr progiam suggested in the Thirty-first Yearbook 
of die National Society for the Study of Educationr' 


Suggested readings 

Drandw' - F., The Gifted Student <it Future Scientist, Harcourt, 

Brace New Yorh, 1955. , tj u 

Central Association of Science and Mathematics Teachers, A 

tury of Science and Mathematics Teaching, Oak Park, 111., 195U. 
Hunter, G. \V„ and Knapp, R. A., “Science Objectives at the 
Senior High School I^vel,” Science Education, October, 1932. 
lohnson, Philip F.. Teaching of Science in Public High Schools, United 
States Office of Education Bulletin, 1950, Number 5, Washington, 
1950 . , „ 

Mcistcr, M., “A High School of Science for Gifted Students, iii® 
Gifted Child, Paul Witty, ed.. The American Association for Gifted 
Children, Heath, Boston, 1951. , 

A Program for Teaching Science, Thirty-first Yearbook of the National 
Society for the Study of Education, Part 1, Public School Publishing 
Company. Bloomington, 111., 1932. 

Science Erhication in American Schools, Forty-sixth Yearbook of the 
National Society for the Study of Education, Part I, University of 
Chicago Press, Chic.ago, 1947. 

Smith, Keith, “Trends in Junior High School Science,” The Science 
Teacher, March, 1936. 

United States Office of Education, Biennial Survey of Education in the 
United Stales (1948-50), Unitr^ States Government Printing Office, 
Washington, 1954. 
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PUPILS 

SHOULD EXPERIMENT 


chapter 


•xperimentation is so much a 


part of science that it is difficult to conceive of a science program 
without this type of activity. One of the major objectives of the science 
program has always been the development of an understanding of the 
experimental method; this was true even during the early days of 
formal science training in secondary schools. There has always been 
provision for some type of laboratory work and for experimentation in 
secondary school science. 

Experiments and laboratory work are almost— but not quite— 
synonymous terms in the secondary school science program. There 
may be some experimentation done outside the laboratory, and some 
laboratory activities cannot be called experiments. But in practice most 
of the experiments done by pupils are part of their laboratory work 
and most of their laboratory work involves experimentation. 

Laboratory work, at its best, is an integral part of the science pro- 
gram, developing naturally out of other types of activities, and in its 
turn leading towards other forms of class work. 


Mr. Johnson began a biology lesson with the question, “Does your heart 
beat faster when you ore standing or when you are sitting?" - The pupils 
speculated that standing might represent a form of exercise but resolved 
that they could answer the question best by experimenting. They chose to 
test themselves individually, letting Mr. Johnson serve as time keeper while 
they determined their respective heart rates. Results were entered in a 
chart on the blackboard. 
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Analysis of his procedures shows: (1) a statement of the problem; 
(2) a single trial with an accompanying observation; and, (3) a con- 
clusion. The pupil considered a single trial to be sufficient because he 
could not conceive of conditions that might affect his results differently. 
His conclusion was simple and direct. Though experts in science edu- 
cation may be critical of his procedures, their objections tend to cloud 
what is otherwise a satisfactory solution. Many problems can be solved 
by this three-step attack. 

Complexities arise in situations in which several factors are operat- 
ing. Then conclusions that result from a single observation need 
reconsideration and retesting under varying conditions to determine 
their validity. 

Pupils who were studying the bleaching effect of sunlight recalled that 
newspapers left outdoors turned yellow rather than white. Two pupils 
volunteered to set up some experiments to sec whether yellowing is the 
result of exposure to sunlight. 

A few days later the pupils displayed strips of newsprint that had been 
left in a sunny window. From the appearance the class concluded that 
sunlight was responsible. Their teacher, however, hinted that other factors 
might have caused the yellowing. The pupils listed some of these 
and devised experiments to test their effects. After these experiments had 
been tried out a final conclusion with needed qualifications was propose 
and accepted by the class. 


Sometimes the need for retesting as illustrated above can be antici- 
pated and made a part of the original experiment. This results in w at 
is known as a “controlled experiment’'— a device that will be discusse 
in the section that follows. ,, 

When attacking complex and difficult problems, researc ers usua y 
add another step. They investigate the findings of others who are 
working in the same or related fields. These investigations may suggest 
methods for the attack upon new problems. Sometmes ^ 
the amount of information that must be gathered. Occasionally they 

reveal that the problem has already b-- da^^L:! sdLTe 

This step IS not one of general use m 

program because lack of hbrar 

occasional pupils who can visit nearby 6 

libraries. 

■Kt , teachers prefer to restrict the 

Controlled experiments. Many as the “con- 

term “experiment to the experiment, every effort is made 

trolled experiment.’ In the cont , ^ but two are held as nearly 

to control the factors involved. AH taci 
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Scoeral new ,,ucstions arose as the data from the experiment was being 
consklered-ser diSerences. variatiort in as exerc.se was mcreajed^ 
indimlual variation for the same amount and k,nd of exeretso ^ J " 

,0 answer these questions b,j working in pairs and poohng <<^'e^terw^ 
Ur. Johnson brought the lesson to a close with a general readmg 
assignment and a brief consideration of other factors that affect 
fear anger, age, drugs, and the like. Almost immed.atehj puptls began 
volunteering to conduct studies of these factors outside of school hours. 


In this lesson it is difficult to draw a sharp line between laboratory 
work and other forms of class work. The original problem led to a 
general class experiment. The results gave rise to more problems est 
solved by small groups; procedures used were useful in suggesting 
a pattern for attack. The results of the small group experiments led to a 
general reading assignment and to continued experimentation as a 
permissive assignment. 


THE NATURE OF BXPERmENTS 

In a broad sense many activities can be listed as experiments. A 
pupil mixing orange juice and milk “just to see what happens is ex- 
perimenting. His purpose is vague, his procedures are not clearly 
thought out, he has no controls and no plans for making observations. 

He may draw no conclusions. But he is trying something without 
knowing the outcome. 

Experiments range from these simple activities to exceedingly com- 
plex attacks on problems. From the teaching standpoint, the simpler 
experiments are important because the attacks used are more readily 
adapted to the everyday situations pupils encounter. Highly formal 
experiments have little application in the lives of young people. 

There is always danger that teachers will think only in terms of 
complex experiments, over-formalizing the experimental method until 
it becomes valueless to adolescents. At its best, the experimental 
method is flexible and readily adapted to all types of situations. Gen- 
erally, it is no more than the application of common sense to the 
solution of problems. 

The "steps" of the experimental method. The great majority of prob- 
lems solved by experiments are so simple that no one bothers to 
isolate the successive steps used in the attack. There are steps, how- 
ever, and these may be discovered by analyzing the procedures used. 

A pupil rotsed a question, “Will ice float in kerosene?” He procured a bowl, 
some kerosene, and a piece of ice. He dropped the ice tn the kerosene, noted 
tchat happened ami made a statement. 
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Analysis of his procedures shows: (1) a statement of the problem; 
(2) a single trial with an accompanying observation; and, (3) a con- 
elusion. The pupil considered a single trial to be sufficient because he 
could not conceive of conditions that might affect his results differently. 
His conclusion was simple and direct. Though experts in science edu- 
cation may be critical of his procedures, their objections tend to cloud 
what is otherwise a satisSactory solution. Many problems can he solved 
by this three-step attach. 

Complexities arise in situations in which several factors are operat- 
ing. Then conclusions that result from a single observation need 
reconsideration and retesting under varying conditions to determine 
their validity. 

Pupils who were studying the bleaching effect of sunlight recalled that 
newspapers left outdoors turned yellow rather than white. Two pupils 
volunteered to set up some experiments to see whether yellowing is the 
result of exposure to sunlight. 

A few days later the pupils displayed strips of newsprint that had been 
left tn a sunny window. From the appearance the class concluded that 
sunlight was responsible. Their teacher, however, hinted that other factors 
might have caused the yellowing. The pupils listed some of these factors 
and devised experiments to test their effects. After these experiments had 
been tried out a final conclusion with needed qualifications was proposed 
and accepted by the class. 

Sometimes the need for retesting as illustrated above can be antici- 
pated and made a part of the original experiment. This results in what 
is known as a “controlled experiment”— a device that will be discussed 
in the section thaf 

When attacking complex and difficult problems, researchers usually 
add another step. They investigate the Bndings of others who are 
working in the same or related fields. These investigations may suggest 
methods for the attack upon new problems. Sometimes they reduce 
the amount of information that must be gathered. Occasionally they 
reveal that the problem has already been solved in whole or in part. 
This step is not one of general use in the secondary school science 
program because of the lack of library facilities. It may be used by 
occasional pupils who can visit nearby colleges and large public 
libraries. 

Controlled experiments. Many science teachers prefer to restrict the 
term “experiment” to the type of investigation known as the “con- 
trolled experiment.” In the controlled experiment, every effort is made 
to control the factors involved. All factors but two are held as nearly 
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conslanl as possible. Of the remaining two. one is varied and its effect 
on the other is determined, 

Tme i,ig/. M plujsic. pupils mere mnr«ng “ f-;. 

,hc motor for eoch step. Thetj plotted then data on a graph. 

Somehmes two parallel erperimenls are set up so that 
can be made One of the two experiments is often called a co 
a “check.” 

Tu .0 seed flats contamlng sod from a lawn were planted 

lawn gross n.ufurc One fiat was watered with ram water, the othj w 

ram water fouftiining a littk ammonium sulfate. The fiats 

same place to insure identical conditions of temperature and light. 

In the above experiment, the seed flat watered with rain water alone 
is termed the ’‘control.” It would have been possible to conduct a large 
number of parallel experiments using flats watered by solutions o 
different concentrations of ammonium sulfate. The flat watered wit 
rain water would still have been termed the control. 

Sometimes it is difficult to identify a “control” in a set of paral e 
experiments. 


A pupil was attempting to discover the effect of temperature on the ra e 
with which sodium chloride dissolves. First he put a measured quantity 
of salt in uxifer at 20® C. and stirred the liquid until the crystals disappearec , 
noting the time required. He repeated this experiment using luflfer of dtf- 
ferent temperatures. He graphed his findings as a curve of time Against 
temperature. 


In the above experiment, if the pupil used identical containers for 
each phase of the experiment, if he measured out equal quantities of 
water and salt each time, and if he standardized his pattern for stirring 
the liquid, he controlled all factors of his experiment. There is, how- 
ever, no “control” as illustrated in the previous experiment. 

It is usually difficult to control the factors involved in experiments 
with living things because of the variation of individuals. 


A gciicrol science teacher proposed an experiment with white rats to show 
the nutri/ioufll value of milk. Two rats were procured and kept in similar 
cages. One aos given a diet of bread and milk; the other was given a diet 
of bread and water. Flans were made to keep records of the increase in 
weight of the two rats. However, the rat on the milk diet actually lost 
weight and died at the end of. the fourth week. 
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Individual variations may be averaged out by using large numbers 
of individuals. Generally, the samples tested should be as large as 
possible, involving dozens if not hundreds of individuals. 

Sometimes it is not practical to experiment with large samples. 
Smaller groups may be used if careful attempts are made to equate 
the groups in size, >\'eig}it, general health and other observable char- 
acteristics. 


For an experiment to see if the movement of the sun causes the twining 
growth of certain climbing beans, fifty beans were planted in identical 
containers and given constant conditions until the seedlings were about 
three inches high. Then three groups of ten each were selected, the indi- 
vidual plants being as nearly alike as could be judged by their appearance. 
One group was put in a window where they received direct sunlight all 
day. A second group was kept in a north window where no sunlight was 
received. A third group was kept in darkness. 

When it is necessary to work with a few individuals only, it is pos- 
sible to expose the individuals to first one set of conditions and then 
another, comparing changes noted under the two conditions. 

A young chicken was fed a standard balanced diet for three weeks, then a 
diet deficient in Vitamin B for three weeks, and then the balanced diet for 
three weeks. Weight was determined daily and conclusions were drawn 
from the comparison of weight changes. 

Laboratory exercises. Many activities carried out in science labora- 
tories and labeled “experiments” are little more than exercises with 
laboratory equipment. Some are frankly designed with a single pur- 
pose— to familiarize pupils with certain pieces of apparatus or with 
certain skills. Many are designed to demonstrate certain principles. 

The chief distinction between an “experiment and an exercise lies 
in the information given to the pupils. In an experiment, a pupil does 
not know what the results of his investigations will be. In an exercise 
he is told precisely what the outcomes of his work should be and how 
to attain them. 


Mr. Mulvaney directed his physics class to balance unequal weights on 
meter sticks and then calcidate the moments in each case. He emphasized 
that in each case, clockwise moments must equal counter-clockwise mo- 
ments, and that pupils should repeat measurements until equality was 
attained. 


Pupils vary greatly in their reactions to situations in which they arc 
told what to do, what to see, and what conclusions to draw. Some work 
patiently and conscientiously and are pleased when then results come 
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out as expected. They seem to enjoy the feeling of security that this 

type of work gives them. « i .. 

Other pupils demand more challenge. They want to find out thing 
for themselves. They are stifled by cut-and-dried exercises. The ideal 
program provides opportunities for both ty^es of personalities. 

Standardized laboratory exercises probably owe their misuse to the 
relative ease with which they are conducted. A teacher need on y 
provide his class with materials and a set of directions. After a little 
experience he is able to anticipate almost all the difficulties and need 
give little attention to his class during the laboratory period. His pro- 
gram conforms with the traditional concept of laboratory work and he 
feels no compulsion to provide more challenging problems for some o 
his pupils. A conscientious teacher, however, recognizes the strengths 
and limitations of standardized laboratory exercises. He makes use of 
them to enrich his program and he provides other types of activities for 
pupils who need them. 

The Introduction of new techniques and new apparatus provides an 
element of discovery that appeals to pupils. Early experiences with 
microscopes are stimulating to pupils in a biology course. An intro- 
ductory exercise with glass bending helps create a favorable attitude 
towards general science. 

Standardized laboratory exercises can be used to initiate inde- 
pendent work for those who have the inclination to do so. 


Mr. Wdssman prodded his physics class with duplicated sheets that gave 
direction for determining the coefficient of friction between a block of wood 
and a hoard. As the pupils worked on the exercise, Mr. Weissmon moved 
from group to group, chatting informally about results and occasionally 
asking such questions as “Would the force needed to move the block he 
different if the block were on edge rather than on its face?" and “What is 
the friction between a gym shoe and the gym floor?” and “How much force 
could Tom exert in a fiig-o/-inar if he were tuearing leather soled shoes on 
a polished maple floor?” Soon most of the groups were working on such 
problems. Two groups, however, continued to work with standard labora- 
tory materials, checking their results against data given in a physics 
handbook. 


Contributions of laboratory work. Real scientific experiments, origi- 
nated and carried out by the pupils themselves, involve high level 
thinking. The students gain practice in recognizing and defining prob- 
lems. Their ingenuity is challenged and exercised in devising methods 
of attack. They become familiar with the limitations of data and the 
need for caution in drawing conclusions, and they develop the habit of 
critical thinking. 
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Some pupils are not ready to undertake original experimentation but 
they are interested in following up suggestions given by their teacher 
or the hooks available to them. If they are allowed to work inde- 
pendently, Arithout continued interference from the teacher, they wll 
benefit as mentioned above, though to a lesser degree. And as they 
mature and gain experience, they too may undertake original research. 

There are some pupils who seem to lack abilit)’ for original work. 
These may benefit from standardized laboratory’ exercises by learning 
to follow directions, to keep good records, and to take responsibility 
for careful work. They will learn much about their strengths and 
limitations. They may find that the work of laboratory' technicians ap- 
peals to them. 

An important contribution of laboratory’ work is the broadened 
appeal this ty’pe of \s’ork gives to the science program. Adolescents 
enjoy activities in which they can work together. They like the excite- 
ment of the lmkno^^’n, the opportunities to manipulate materials, the 
comparative freedom of action, and the satisfaction of tangible achieve- 
ments. An exciting laboratory program can do much to draw young 
people into science courses and ultimately into scientific vocations. 


PROVIDING UNIFORM LABORATORY EXPERIENCES 


Teachers must expect to plan most of the laboratory work done in 
secondary school science. Occasionally pupils have original sugges- 
tions but for the most part are dependent upon the teacher for their 
ideas. Until pupils have had e:q5erience in working alone and following 
up their o\\’n ideas, uniform laboratory actirities must be prorided. 

Uniform laboratory activities have certain ads’antages. All pupils 
gain a common background of experiences. Directions and guidance 
are easier to give when starting a new topic. And out of the uniform 
work may de^-elop special interests that the pupils may pursue in- 
di\idually. 


Selecting laborotory activities. EcceUent suggestions for laboratoi>- 
activities can be found in te.xtboo)cs and laboratory manuals. Popular- 
ized science books also contain ejcellent suggestions that may be 
adapted readily for the school laboratory; some of these suggestions are 
especially valuable because the)- call only for simple materials and 

straight-forward procedures. , . . r 

All suggestions for laborator)- actisiUes need careful analysis before 
they can te included in the program. Some points that should be con- 
sidered are as follows: 
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1 . 

2 . 


5 . 

6 . 

7 . 


Is the purpose easily understood? 

Can clear-cut directions be given? 

Are the procedures simple and direct? 

Can results be obtained in a short time? 

Are the materials familiar to pupils? 

Are the materials inexpensive, readily procured 
Are applications of the findings obvious? 


and easily stored? 


The following are some types of activities that are generally successful 
in secondary science laboratory work. 


Type 

Operation of devices 
Testing chemical properties 
Finding physical properties 
Microscopic examination 

Gross ariatorav 
Internal anatony 
Analysis 

Simple experiments 

Identification 

Preparations 


'Examples 

electric bells, telegraph sets 
starch tests, acid-base tests 
focal lengths, hardness of minerals 
hay infusions, feather structure 
flower structure, crystal shapes 
sections of stems, vacuum tubes 
soil composition, hard water 
heart rates, solutions 
keying leaves, identifying rocks 
carbon dioxide, conductivity tester 


It is essential that the purpose of an activity be readily understood, 
and even more important that the purpose be such as to challenge 
pupils. 


Mr. Hewitt provided each pair of pupils with a sauce dish to be filled with 
water, a needle, and a razor blade. He directed the pupils to foot the 
needle and the razor blade on the surface of the ivater. 


Obviously, Mr. Hewitt had surface tension in mind when he planned 
this activity, but he did not force this purpose on bis pupils. Instead 
he presented them with a problem that genuinely challenged them. 
Out of the inevitable “why’s” would come the development of the de- 
sired concepts. 

It is common to find teachers forgetting the nature of their pupils 
and planning activities that have little significance to them. 


For an introductory experience with lenses, Mr. Phillips directed the 
pupils in his physics class to determine the focal length of a set of convex 
lenses, using the relationship: 


1 

f 


The pupils followed the directions he gave them but showed little strong 
interest in the processes. They were careless in their work. They wasted a 
good deal of time talking and “fooling around." 
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Mr. Phillips’ pupils did not have the background to be interested in 
this problem and they found little excitement in the procedures used. 
They would have been far more interested in studying the relative 
sizes of the images produced. Then, when they recognized the effects 
of lens curvature, they would be ready to study focal length. 

The selection of laboratory activities should be influenced by the 
need for concise, clear-cut directions. Many an activit)', otherwise 
suitable, fails because the directions are too complex for pupils to fol- 
low. Such activities are better suited for special assignments for 
talented pupils. 

Another factor important in selecting activities is the length of time 
needed to attain results. Pupil attention is apt to drift markedK’ after 
flfteen or twenty minutes of one type of activity. Experiments in u hie h 
results can be attained in less time are best suited for uniform lahoia- 
tory assignments. 

Teachers should consider also the problem of “dead” intcrv'.ils 
Serious problems of discipline may arise while pupils are waiting foi 
water to boil or for filtration to be completed. When such activities 
are necessary, supplementary activities should be assigned to fill the 
time. 

A deciding factor in the selection of a particular activity may be the 
type of materials required. Some activities utilize materials that arc 
too expensive to provide in quantity, or too delicate to withstand 
rough usage. There is also the problem of storage which may prevent 
the use of bulky or a\vkwardly shaped items. 

In general, it is best to make free use of commonplace and familiar 
items. Pupils feel at ease with such materials and they see more 
c^eaAy the appVications tVieir wortc to everyday sit-uatvons. TVrey see 
possibilities for doing equivalent experiments at home. 

Complex and specialized equipment has its place in tlie program 
but not for introductor>' experiences. The best use of such materials 
is in follow-up work when the need for more precise measurements and 
better controls have become evident. 

T/ic pupils in Afr. SUinhopc's physics ctass began a tlcfcrminalion of the 
latent heat of fusion using glass fars for containers. Consideration of the 
possible errors in the preliminary measurements, however, shoiccd the need 
for belter control of heat transfer. Mr, Stanhope then displayed and 
explained the action of a calorimeter. The pupils repeated their tneawre- 
tuents, this time using caloHmctcrs. Ttco pupils, however, thought that a 
thermos bottle would be even marc effective and were given permiuhn to 
use one instead. 
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The need for obvious applications of laboratorj’ work is not always 
coLidered by teachers because of their concern with the Icammg o 
renfific prin'ciples. Pupils are often set a. tasks " 

have little relation to reality. This is one common cause for d.ssatistac 
tion with traditional laboratory work. , , , ^ 

Laboratory activities utilizing commonplace devices usually sho 
immediate applications. When siphons cand es. 
phones and garden soil are studied, pupils rarely question the value o 
the work. 

Oner the years Mr. Iordan had acijuired a number of damaged 
bottles that still held water. He supplemented these with scoeral bo K 
that were intact Each year his physics class experimented With the Uollic 
to determine the importance of the caettum in reducing heal rnns; 
They plotted both the temperature drop against time and the caloric oss 
(igflinsf time. 

Giving directions for laboratory experiences. The directions for uni- 
form laboratory activities must be explicit; often they outline in cook- 
book form exactly wbat to do. There are times, however, when the 
problem is so simple that procedures can be discovered by trial-and- 
error. Then no directions need follow the statement of the problem. 

Mr. Adams set before his seventh grade science class a carton of dry Cell'S. 
a number of miniature lamps ond sockets, some tcirc, screte driuers flat 
pliers. He asked the pupils to work in pairs trying to light a lamp from a cell. 

Mr. Adams put additional lamps and sockets in his pockets and mooed 
about to check progress. As soon as a team had lighted a lamp he gave it a 
second lamp with the suggestion that the pupils try to light two lamps from 
the same dry cell. If f/ie second task teas accomplished he gave out a 
buzzer or a bell in exchange for the lamps. He stopped the acticitij before 
all pupils had finished but he provided time later for interested pupils to 
work by themselves. 


Oral directions may be adequate for one-step activities if the direc- 
tions are simple enough to be remembered. 

Miss Stassen told her earth science class that dilute hydrochloric acid reacts 
with substances containing carbonates. She gave each pair of pupils a 
dropping bottle of acid and a tray of assorted rocks, minerals, hones and 
shells. She directed the pupils to test the several items for the presence of 
carbonates. 


Sometimes it is wise to summarize on the blackboard directions 
that have been given orally. 
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Ur. Bruhn set out test tubes, medicine droppers, a soap solution and a 
liquid detergent. He showed the pupils how to test the effect of these on 
hard water. He then summarized the directions on the blaekboard as follows: 

1. Fill two test tubes nearly full of tap water. 

2. Add four drops of soap solution to one test tube. 

3. Add four drops of detergent to the other test tube. 

4. Shake each test tube well. 

5. Hold the test tubes up to the light and observe. 


When pupils participate in planning an experiment it is also a good 
idea to summarize on the chalkboard the directions finally agreed upon. 

Mr. Bertones physics class was studying the pendulum. Mr. Berione had 
suspended an iron ball from a long thread. He set the ball swinging and 
raised questions about the factors that might afect the period of swing. 

Pupils suggested such factors as the length of the thread, the weight of 
the ball, and the amplitude of the swing. They planned several short eX' 
periments to test the effects of these factors. As each experiment was 
planned, Mr. Bertonc wrote down the steps to he followed. 


Previously prepared direction sheets can be great time savers but 
these must not be used mechanically if the desired goals of the science 
program are to be attained. Such sheets are rarely stimulating in 
themselves. They need the same careful introduction as has been 
described for oral directions. Pcriiaps the best use of prepared sheets 
is for giving “recipes” for doing things that appeal to pupils. 


Miss Gilmore introduced her ninth grade science class to the study of 
photography with an exercise on the dcoelopmcnt of photographic paper. 
Four sets of trays containing developer, fixer and stop hath were placed on 
the laboratory tables. Eight printing frames and several envelopes of print- 
ing paper were also provided. Then Miss Gilmore passed out sheets con- 
taining the following directions: 

TO MAKE A PilOTOCnAPHlC PRINT 
Work only in a darkened room or in a dark room lighted by a photo- 
graphic safelight. 


Materials Needed: 

A tray of dcvcloi>or 
A tray of stop hath 
A tray of fixer 


A printing frame 
Printing p.ipcr 
Ftrrotx’pc plate or lilottcrs 


rroccdtircs: 

1. Put a sheet of printing pa|>cr, glossy side up, in the printing 

2. Pi*u"smnctliiiig op-npie. a niWirr Iwml, a ituf or a ctit-<iiit on (he 
printing paper and close the frame. 
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3. Expose the paper to strong daylight for one minute. 

4. Put the paper in the developer for 45 seconds. 

5. Wash the paper in the stop bath for 20 seconds. 

6. Put the print in the fixer for 10 minutes. 

7. Wash the print in running water for 30 minutes. 

8. Dry the print on the ferrotype plate or between blotters. 

Mm Gilmors read through the sheet with the pupih showing them the 
materiah to he used and indicating oeriain cautions about some of the prod- 
lems that would be encountered Voiunleers were selected to return later 
to take the prints from the wash water and put them on the ferrotype plates. 
The shades were then drawn and the pupils began work. 

If the directions for an activity are at all complex, and particularly 
if many cautions are necessary, it is usually well for the teacher to 
perform portions of the experiment on a demonstration basis before 
setting the class to work. 

Mr. Sttlltoell assigned his class the task of preparing oxygen from potassium 
chlorate following the directions giocn fn the laboratory manuals. He 
displayed the materials needed and showed the pupils hoto to assemble 
them. He followed the printed directions and gave the reasons for using 
the required angle for the combustion tube, for the specified way of heating 
the tube (he demonstrated with an unlighted burner) and for the method 
of ending the heating process in order tJiOt toaier be kept out of the coin~ 
bustion tube. 

Then Mr. Siilltoeil asked di^erent pupils to repeat the reasons for each 
of the special procedures. Only after this did he permit the pupils to begin 
work. Over the years he has had little breakage and no serious occidenfs 
during this particular exercise. 

Providing materials for laboratory work. A rich program of laboratory 
experiences calls for materials in sufficient quantities so that each pupil 
is able to participate. Usually duplicate sets of materials are needed. 

In some leaching situations the problem of obtaining and storing ade- 
quate materials is difficult to solve but is never so critical that labora- 
tory work has to be eliminated altogether. 

In a well-balanced program, laboratory experiences will be pro- 
vided only two or three times a week at most, other class periods being 
built around field experiences and project work. Of these two or three 
periods a week, some will certainly be organized to permit pupils to 
work on different problems. Sets of duplicate materials, therefore, 
are needed somewhat mote than once a week. There are countless 
activities that require only the simplest of materials, and, when special 
equipment is needed, there are various rotational plans that make it 
possible to get along without duplicate sets. 
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CouniJess experiments Tcquire only simple and easily procured materials, 
thus makinn possible a rich program of laboratory work for all pupils. Here 
two pupils are testing green leaves for starch. The materials they are using 
can be provided in duplicate sets so that all pupils can carry out the same 
experiments simultaneously. 


A number of books suggest experiments that can be carried out with 
materials commonplace in the home or iimxpensive y pu ^ 

variety stores.' These experiments, though using simple materials 
inv2e T same high level thinking as their equivalents earned out 
with conventional laboratory equipment. contributed by the 

A surprisingly large ° can be obtained from ancles 

pupils. Other useful and automobiles. Tin cans of all 

that have been |unked, p i,, can make much of their 

sizes and glass ,ars ‘’"ve “ntaUed 
o\vn equipment, some ot wnicn m y 
for futme use, thus building up laboratory stocks. 

, ,t. ' * 1 . «r/T//<* science class were studying radio- 

The pupils in Mr. Timball s ,„rfuces of different 

tionfrom different nutter 1& (one pint) food cans with quick 

colors, the pupils painted ff of identical cans icith quick drying 

drying black paint and an uiorking in pairs, filled the 

ichite paint. During the next p 

^ r for laboratory experiences xvitli 

' To appreciate the 'veal* ^.estigate the following tl.ree tola: 

commonplace •"““"“'f;,'’",' '" Luinmmt, Science Experiences tcilh In- 
Science Experiences teith mil/. Ten Cent Store Equipment, 

expensiee Equipment. Seicuee j,. j., ,350. 

all by Carleton J. Lynde, X an ixostr- 
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rons with hot water, covered each with a cardboard square, and noted the 

decrease in temperatures. ^ i . • „ 

When the experiment was over, Mr. Timball put the cans m a shipping 
carton designed for number U cans. He labeled the carton suitably and put 
it aivatj for later use. 

Storage need not be a serious problem if the laboratory experiences 
are selected with this point in mind. In many instances the materials, 
when disassembled, occupy little space. 

Mr. Timhall planned on exercise on copper plating as one of his ninth grade 
science laboratory activities. The dry cells needed for the experiment were 
part of his regular teaching supplies and had been used for many other 
purposes. These were stored in their shipping cartons. Half-pint glass jars, 
also used for many other purposes, were stored in a suitable shipping carton. 
Wire and battery clips were part of his regular electrical supplies. All that 
remained were metal strips which he kept in a cigar box labeled “Copper 
Plating Experiment." 

It is always advantageous to keep special items in labeled cartons or 
boxes as just described, A great deal of time and energy is saved when 
the teacher can produce a container earmarked for a certain experi- 
ment and know that all the things he needs are in that container. 

Sometimes a teacher believes that pupils should have experiences 
with certain materials that cannot be provided in quantities. In such 
cases there are various rotational plans that may be employed. In one 
system, several different experiments are set up about the room. 
Groups of pupils move from one experiment to another, working at 
each in turn. 


Miss Uololing set up equipment in her classroom so that when the pupils 
entered, they found fifteen di^erent experiments set up on the laboratory 
tables. These experimental set-ups, designed to provide varied laboratory 
experiences with niininnim equipment, were as follows: 


1. A ball-and-ring apparatus 

2. A taut horizontal wire to show 
lengthening when heated by 
an electric cunent 

3. An electric toaster to show 
lengthening of the element 
wires when heated 

4. A bimetallic thermostat 

5. A bimetallic bar 

6. An air thermometer 

7. A balloon on a flask to show 
expansion of air 


8. Gallon cans balanced on a 
scale to show relative weights 
of warm and cool air 

9. A convection box 

10. A convection operated lamp 
shade 

11. A wafer-type brooder thermo- 
stat 

12. A flask with one-hole stopper 
and glass lube to show ex- 
pansion of healed water 

13. A pulse glass 
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14. An automobile radiator ther- 
mostat 

15. Soaked sawdust in a large 


beaker of water to show con- 
vection caused by unequal 
heating 


After a few preliminary instructions the pupils divided themselves in groups 
of two each and drew numbers from a box to indicate the experiment with 
which each team was to begin. As pupils finished their experiments they 
moved to the one bearing the next consecutive number. 

Beside each set of apparatus Miss Hotaling had previously placed a type- 
written sheet bearing directions for the activity to be carried out. She in- 
cluded any needed cautions to reduce breakage or injury. 

The pupils were able to carry out a little more than half of the experi- 
ments the first day. They completed them the second day. 

Miss Hotaling encountered a few problems. Pupils were able to complete 
some of the activities with comparative rapidity and by moving on pre- 
maturely caused some confusion. Also one experiment gave pupils trouble 
and Miss Hotaling found it necessary to spend most of her time with it. 


Ideally, in the type of organization Miss Hotaling used, the experi- 
ments should require the same amount of lime for completion. Actually 
this is impossible because pupils work at different rates, but if the activ- 
ities selected are relatively short, there is less variation in time needed 
for completion than when lengthy exercises are provided. 

Despite the problems Miss Hotaling encountered, her efforts were 
justified. She was able to provide firsthand experiences with materials 
that are not effective in demonstrations and that could not be provided 
in duplicate. 

There are several ways that Miss Hotaling could have varied pro- 
cedures to avoid some of her problems. She could have divided the 
class in groups of three’s, thus reducing the number of separate ex- 
periments to ten. By doing so, she could have equated the experiments 
a little better. On the other hand, opportunities for individual manipu- 


lation would have been reduced. 

Perhaps Miss Hotaling could have set up seven or eig ^ 

duplicata Then ^vo h&ves of the class could work m 
Miss Hotaling might have set up Hve turns working on 

by seat work. The groups of pupils "'<>»' * She 

the experiments, returning to problems hut these 

would have encountered some admin 1 

would not be serious. indii-idual pupils to work at their 

Sometimes it is possible to ,ickly separates the pupils so 

own speeds. Variation in rate ...pHs ,o be read,, 

that after the first few e.xerciscs, it is • tcclinique is most 

for the same exercise at the same 
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successful in specialized subjects that permit the teacher to set up a 
long sequence of individual problems. 


Mr Smith teaches a ve„j saccessful course in electricity for f S™* 
hmjs. The , calls of his laboratory are lined with deep shelves that hold 
latie mmbets of -breadboards- standing on edge. On each breadboard are 
directions for an exercise together with the items of apparatus needed. T he 
exercises ran-e from simple doorbell circuits to the study of rotating electro- 


magnetic /leias. -l- i 

Mr Smith’s pupils start with some of the simpler exercises for which he 
has duplicate breadboards As a pupil completes the exercise he returns the 
breadboard and takes another with a more advanced problem. After the 
frst two or three exercises, the pupils are usually in different portions of 
the sequence and duplicate materials arc not needed. 


The size of laborotory groups. The major contributions of laboratory 
work result from the opportunities for manipulation that are provided 
each pupil Opportunities for manipulation are at a maximum when 
pupils work alone. However, most adolescents prefer to work in 
groups and there are advantages in allowing them to do so. 

Pupils working in pairs usually share manipulation experiences, 
although one pupil may dominate the other to some extent. But when 
pupils work in three’s or larger groups, many pupils find it impossible 
to work with the actual materials. One pupil in each group is generally 
aggressive and dominates all activities. He may allow one pupil to 
help him but the remaining pupils are left with little to do except ob- 
serve passively, take notes, or wander off to see what others are doing. 
Careful planning is needed to provide worthwhile activities for each 
pupil in larger groups. 


The teacher's role during laboratory work. One of the chief objectives 
of laboratory work is to allow pupils to learn for themselves, by solving 
the problems that they encounter in their work. After purposes have 
been defined and procedures outlined, the place for the teacher in the 
laboratory is in the background. A teacher may move from group 
to group, giving encouragement, clarifying procedures, straightening 
out misunderstandings, and stimulating fast-working pupils to under- 
take new problems. But his presence in the classroom should not be 
required for successful operations. 

A teacher should try to avoid interrupting the work of his class with 
announcements. Separate groups are in different stages of their work 
and thinking; if announcements are made, the progress of their activ- 
ities will he broken, so that time and continuity arc lost. 
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Record keeping. Records are important in so many ways that pupils 
should know how to keep them well. Science laboratory work may be 
used to acquaint pupils with several different ways of keeping records. 

The form that records take may vary with the needs that they are 
to fill. No research scientist would handicap himself by adopting one 
stereotyped format for his records. He might choose one form for one 
situation and another form for another situation. Nonetheless, many 
science teachers have done irreparable harm to the cause of science 
education by insisting that pupils adopt the following single, highly 
stereotyped form: 

1. object 4. observations 

2. apparatus 5. conclusions 

3. procedures 6. applications 

Such a form may result in boredom for a large number of pupils 

However, it should be recognized that certain pupils like to follow 5' »• 
patterns in their work, possibly feeling more secure than when the; 
have to make decisions about forms to be used. 

Simple experiments need only simple records. Indeed, in some cases, 
written records are superfluous. There would be little point in re- 
quiring pupils to make notes on an experiment to find out whether 
pumice can float on water. 

Labeled diagrams are often sufficient for recording experiments. 
Arrows dra^vn on a diagram of a beaker of water being heated along 
one side show the convection currents set up by the unequal heating. 
Labels indicate the apparatus used. Procedures are self evident. 
No broad conclusion is possible from this limited e.xperiment. 

Graphs and tables often serve as satisfactory records either with 
or without additional notes. An experiment that shows variation of 
heart rate after exercise and rest needs only a table of the data col- 
lected. The headings on the chart indicate the purpose, the materials 
used and the procedures. The reader draws his own conclusions from 
the data. 

Except when special materials arc used, diagrams or pictures are 
more effective than words in describing apparatus. Itemization of the 
component parts of an assembly is rarely needed. Commonplace items 
such as funnels and gas burners are generally assumed to be used in 
familiar processes sucli as filtration and heating. 

Procedures need elaboration when they cannot l)c inferred from 
diacrams charts, and graphs. An experiment to discover the effect of 
air circulation on transpiration rate may require an explanation of how 
the twig is prepared to maintain an unbroken column of water in the 
xylem tubes. 
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Duplicated sheets for use when collecting a large amount oF data 
can be great time savers. Sometimes these sheets may contain direc- 
tions for gathering the data as well. Such record sheets insure uniform 
organization of data and are helpful in carrying out discussion of the 
results. However, these sheets encorn-age mechanical procedures and 
may discourage individual initiative. Before prepared sheets are 
adopted for any particular experiment, the advantages and disad- 
\’antages should be carefully weighed. 

A form of record keeping that is little used but that seems to have 
value is an exhibit of materials actually used. Dried and pressed leaves 
showing the effects of starch tests in phototropism experiments may be 
mounted on charts as a class project or in notebooks for individual 
records. Nails that show the factors affecting rust formation may be ex- 
hibited with appropriate labels. 

Use of data collected. Data are collected in order that questions may 
be answered. Generally, summaries must be made and certain conclu- 
sions drawn. Summaries may be made orally, by filling in the data on 
charts or by setting up exhibits. Summarization is the usual prelude to 
drawing conclusions. 

Conclusions that may be drawn from laboratory experiences are 
necessarily narrow. They should be limited to the conditions under 
which the experiments were carried out. There is a tendency to allow 
broader conclusions than are justified, particularly in the physical 
sciences. 

The pupils in Mr. Dunlap’s physics class were directed to compare the 
forces needed to draw a mefal roller and a wooden block respectively 
across a wooden table top. The pupils collected the data and concluded that 
rolling friction is less than sliding friction. Mr. Dunlap accepted this con- 
clusion. 

Actually, the only valid conclusion that Mr. Dunlap’s pupils could 
draw was that it takes less force to draw a metal roller across a wooden 
table top than to draw a wooden block across the same table top. The 
experiment did not deal with other types of rollers, blocks or surfaces, 
nor did it deal with large scale materials. The pupils could infer that 
their findings might apply to other situations but they should not have 
been permitted to assume that the application is automatic. Actually, 
there are important situations in which plastic surfaces such as wet 
clay arc involved, when sliding friction is less than rolling friction. 

Pupils should be encouraged to gather considerable data before 
drawing conclusions. Rarely can valid conclusions be drawn from 
single instances. When time is a factor, pupils may pool their data, 
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thus providing themselves with a broader base on which to draw 
conclusions. 

Each group in Mrs. Camp's physics class made three trials in determining 
the latent heat of vaporization of water. As they made each determination 
they entered the results on a chart on the blackboard. Later they copied 
this chart in their notebooks. At the close of the exercise, the pupils averaged 
the figures and drew a conclusion from the result. Since there were twelve 
groups in the class, and each group made three trials, the final conclusion 
was based upon thirty-six separate determinations. 


INDIVIDUALIZING LABORATORY WORK 


Independent laboratory activities confer on pupils certain benefits that 
are not permitted by uniform laboratory assignments. Pupils become 
best acquainted with their own interests and abilities when they are 
working on problems of their own choosing. Their special needs and 
special talents are best provided for through individualized assign- 
ments. 

Teachers must know their pupils well before attempting to set up 
completely individualized laboratory situations. Much must be known 
about a pupil’s likes and dislikes, and his abilities and limitations, 
before setting him at work with a minimum of supervision. A teacher 
cannot hope to control the unrelated efforts of a roomful of strangers. 

Individualization may begin in a limited way, however, almost from 
the beginning of the school year. As soon as a pupil displays a special 
talent or a strong interest, he may be encouraged to begin work on a 
special problem while others continue with their regular assignments. 

Individualization of laboratory work demands of the teacher a cer- 
tain flexibility of thinking. He must abandon the concept of uniform 
outcomes and remake his objectives to permit one pupil to learn one 
set of facts while a second pupil is learning a second set of facts. 


Initiating independent work. Pupils do not often suggest completely 
original problems that they would like to undertake in the laboratory. 
Their teacher usually finds it necessary to provide them with specific 
suggestions. However, once pupils learn that they are free to adapt 
these suggestions or to originate their o^vn, they become much more 

‘"somemmils display more originaUty in proposing problems than do 
others. Undoubtedly the nature of the exper.ence background ts nn- 
portant. Practice also seems to be a factor Pup.ls who are nsed to 
taking the initiative are more prodnetrve of .deas than pupds who have 
always been compelled to foUow directions. 
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One technique for encouraging pupils to work independently is to 
■.ivc them a list of problems from which they may make choices. It is 
wise to suggest more problems than will be selected so that some pupils 
do not feel forced to work on a problem just because it has not been 
chosen by anyone else. 

Mr Bowen passed out duplicated sheets to his earth science class, listing 
cxperments on the characteristics of soils. He instructed his pupils to 
organize themselves in pairs and select problems on which to work. The 
following is the list from which they were to choose: 

1. Compare the water retention in gravel, sand, and clay 

2. Determine the effect of humus on water retention in sandy soil 

3. Compare the drainage of sand, clay, and gravel soils 

4 Compare the capillary rise of water in sand, gravel and clay 

5. Compare capillarity In packed and loose clay soils 

6. Determino whether water percolating through soil dissolves min- 
erals from the soil 

7. Determine the effect of lime on the structure of clay soils that are 
drying 

8. Determine the effects of small amounts of clay on the structure of 
sandy soils 

0. Calculate the amount of organic matter in a garden soil and a 
woodland soil 

10. Analyze a garden soil for its sand, gravel, and clay content 

11. Determine the effect of added humus on the structure of a clay soil 

12. Determine the effect of added ground limestone on the pH of a soil 

13. Determine the effect of peat moss on the pH of a soil 

14. Determine the organic content of a top soil and the underlying 
subsoil 

15. Test light and dark soils for heat absorption in sunlight 

This approach to individualized laboratory work requires a large 
selection of suitable activities, closely related and somewhat equivalent 
in time demands. Needed materials should be readily procured. The 
techniques required should lie within the capabilities of the class. 

Often there are, in a class, pupils who are not challenged by any of 
the problems stated. If these pupils have strong science interests, it 
may be easy to encourage them to propose their own problems even 
though these may not be so closely related to the topic as a teacher 
might think desirable. If the pupils are deterred by lack of general 
interest, a teacher can sometimes help them make a choice from the 
list b}- describing in some detail liow a certain problem may be at- 
tacked. The vision of carrying out the activities involved may stimulate 
them to begin work even though they are not particularly interested 
in the outcomes. 
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Somewhat greater flexibility and initiative are possible if pupils are 
permitted to discover for themselves suggestions for their laboratory 
work. 

Mr. Scarry directed his seventh grade science class to organize themselves 
in pairs and begin looking in textbooks for experiments on the control of fire. 
He provided additional references for pupils who were not challenged by 
the suggestions in the textbooks. 

After the pupils made their selections, a planning session was held during 
which the pupils wrote down the materials they would need and decided 
who woidd be responsible for obtaining these materials. The understanding 
was that the pupils would bring most of the items from home the next morn- 
ing. Actually an additional day was needed before the pupils remembered 
to bring everything required. 

At the beginning of the next class period, Mr. Scarry gave a few cautions 
and set the pupils at work. He moved from group to group giving a little 
help but not giving any general directions. The pupils tried out their ex- 
periments and in some instances improvised variations. They demonstrated 
the same experiments to their classmates during following periods. 

To use Mr. Scarry’s techniques, a teacher must have sources of teach- 
ing suggestions. Some textbooks are excellent for this purpose. Text- 
books need not be confined to a single grade level. Many seventh 
grade pupils can read high school texts and others benefit more from 
elementary science texts. The many popularized science books are 
excellent sources for ideas. Some teachers keep card files of experi- 
ments and allow the pupils to browse through these. 

Permitting deviations from assigned work. Pupils doing assigned 
laboratory problems often discover interesting problems they would 
like to follow up. Generally they benefit more by being permitted to 
deviate than by being held to uniform assignments. 

Bob was more interested in knowing how much material was dissolved in 
tap water than in determining the relative hardness of different samples of 
water. So while the remainder of the eighth grade group tested samples 
provided by the teacher, Bob began boiling down a gallon of tcalcr. 

Bob took his sample home that night and continued the boiling process 
until a scant cupful remained. During his next science period he completed 
the evaporation process and ended with an evaporating dish nearly full 
of solids. 

Bob’s independent work certainly gave him a better concept of hard 
water than would the activities he was supposed to carry out. It is 
likely that the remainder of the class benefited also from Ins efforts. 
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Independent ttorfc in the laboratonj is commonhj an outgrowth of regular 
laboratorij Assignments. These ttco chemistry pupils became interested in 
crystal growth and arc exploring the topic more deeply than their classmates. 


Commonly, discoveries made by an individual pupil have great impact 
on the remainder of the class. 

Isabelle, who had ambitions to be a nurse, brought a dead snake to her 
biology class. She asked that she he allowed to dissect it instead of con- 
tinuing with a study of the frog. Her discovery that the snake had but one 
functional Inng gained more attention and initiated more discussion of 
ccstigial organs than anything the teacher had been able to present on this 
topic. 

Independent work growing out of assigned laboratory activities 
generally involves one or two pupils. Sometimes, however, a large 
share of the class may be stimulated to work on separate problems. On 
page 106 is described the way Mr. Weissman used a standardized 
laboralor)’ exercise on the determination of the coefficient of friction to 
initiate independent work on the part of most of his pupils. This 
technique can be applied best in situations in which moderate sized 
classes are made up of enthusiastic pupils. Experienced teachers who 
kmow their pupils well use this procedure with large groups. 

Eneouroglng original research. Teachers who do not realize the pos- 
sibilities for original research by high school pupils do not appreciate 
the richness of the science field and the capabilities of young people. 
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There are thousands of unsolved problems involving plants, insects, 
earthworms, fungi and other organisms. And even when there has 
already been research on a specific problem, a pupil’s efforts may rep- 
resent original thinking and perhaps a new approach. 

Science teachers need an understanding of the limits of scientific 
knowledge to help their pupils find problems for original research. 
Thus equipped, a teacher can make suggestions that are practical for 
the circumstances in which the pupil must work. Unfortunately, few 
college courses give much attention to the limits of scientific knowledge 
and often give the impression that everything about familiar subjects 
has been completely explored. But possession of a critical attitude will 
help a teacher find problems that encourage pupils to do some original 
investigation. 


Ninth grader Pat stated that exhaled breath contained no oxygen. Mr. 
Lowell, his teacher, criticized the statement. 

Pat could find nothing on this topic in the limited library facilities so he 
planned an experiment to see if a candle would burn in a bottle containing 
exhaled breath. He discovered that a candle would burn about as long in 
exhaled air as in his control. 


Pats work did not contribute anything to the body of organized 
scientific knowledge but it did represent original thinking on his part 
and showed him a way to attack problems. It is equally easy to turn 
the attention of pupils to areas that have been practically unexplored. 


Miss Appleby set up an experiment to show the effect of thyroxin on the 
metamorphism of tadpoles. Sally asked if thyroxin affected the development 
of insects. Miss Appleby suggested that Sally try its effect on some aquatic 
insects. After some discussion of probfems of mainfenance, iheij decided 
upon dragonfly nymphs as likely subjects. 

Pupils may need much encouragement before they realize that they 
can do oridnal research. Schools do not generally emphasize this ap- 
proach to learning. But pupils will freely undertake little problems 
for which they can see immediate outcomes. With increased self con- 
fidence they undertake more complex problems. 

Some teachers exert pressure on pupils they think capable of original 
work. 


Mr. Gordiner operates a science lair for his o,en and neighboring schools. 
Each m he iris to talk individuathj to those ,„n,ar lugh school pupils 

*S“ ", . ... 
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that these arc but earll/ acMescents who might really like to do the kind 
tlesZh demanded but who think that spring, the time of the saence 

^"‘thCaldme^finds it necessanj to suggests problems in a large number 
of eases He tries to provide ideas of things close to the pupds. How does 
adamlrl.oa plant groie?" "Is there any difference in the average blood pres- 
sures of rMdren of German ancestry and of Italian ancestry? How does 
the Sirpnolh of different kinds of paper compare?’ 

V a result of his efforts, Mr. Gardiner has in his fair a number of entries 
i: e‘ represent work far in advance of that usually expected of junior high 
•si hool pupils. 

At least one teacher sets aside a block of time during which he ex- 
pects all pupils to undertake independent work. Some independent 
work continues as original research once the pupils find they can do 
this tj’pc of work. 

Air. Klein includes in his plans for his general science program a unit 
during tulifch each pupil is supposed to work on a problem of his own chooS‘ 
ing. A/flny of the problems are rclativehj simple and some pupils fail to 
accomplish much but each year a few pupils are stimulated to do research 
that continues long beyond the time allotted to the "unit." 


Ideas for original research projects may come to teachers as they 
are planning uniform laboratory assignments, demonstrations, field 
experiences, and project work. Pupils may discover problems from 
their science work, and from readings in books, magazines and news- 
papers. Both teachers and pupils can find many ideas for independent 
investigation at science fairs and congresses. Some pupils like to repeat 
work other pupils have done. Others prefer to carry out modified 
procedures. Sometimes a pupil finds that an approach used in one 
problem suggests a problem and an approach in a related field. 

Pupils who do original work of this type need help in terms of 
laboratory facilities, released lime, and advice about sources of infor- 
mation. Usually these pupils are superior in an academic sense and need 
not spend as much time on assigned work as others in their classes. 
They generally pass the same examinations without giving more than 
casual attention to the xvork of the class. They benefit far more from 
their independent work than they could ever benefit from stereotyped 
classroom procedures. 


UBORATORY MANUALS 

Many forms of laboratory manuals have been published and many 
teachers have taken adx’antage of duplication processes to prepare 
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their own versions. Early manuals, often bound between hard covers, 
were limited chiefly to giving directions for laboratory activities some- 
times accompanied by brief discussions of procedures and by sug- 
gestions for reporting data. Many manuals today are of the “dis- 
posable” type and strongly resemble workbooks; these manuals contain 
provisions for reporting data— tables to be filled in, sentences to be 
completed, diagrams to be labeled, spaces for sketches, facilities for 
making graphs. 

Laboratory manuals are unquestionably time savers. The teacher 
is freed from the preparation of directions for each laboratory period. He 
need not use class time for giving directions. Pupil time is saved be- 
cause the directions have been worked out so carefully that positive 
results can be obtained without fumbling. And if a manual wi+^h 
record forms is used, pupils need spend little time organizing and re- 
porting data. 

On the other hand, laboratory manuals are not necessarily efficient 
even though laboratory work progresses more rapidly. Manuals tend 
to stereotype the laboratory program. They work towards uniform out- 
comes and do not provide for pupils with special interests and abilities. 
Commercial manuals cannot recognize purely local resources and 


needs. 

The activities proposed by laboratory manuals are commonly “verifi- 
cation” type exercises rather than true experiments. The manuals make 
little or no provision for independent thinking. Pupils are expected to 
follow directions carefully to attain results, but they may do so blindly. 
Pupils gain little practice in formulating problems, planning methods 
of attack, assuming responsibilities for their work, criticizing their 
d;ita., and drawing, justifiable conclusions. 

Pupil reaction to laboratory manuals is varied. Some pupils like 
definite assignments which need only to be carried out carefully to 
obtain success Others like the forms for reporting data because they 
need not concern themselves svith the type of organization to be used. 
Howevel Lre pupils fret at the lack of freedouu they find no chal- 
lenge in working towards outcomes they r^ogmze m advance. 

IT,P nf Hhnratory manuals may be justifiable m some situations. 
Te! L vth exeitionally heatr .eaching loads must look for all 
caciiers wii i jpvices A chemistry teacher with six sections of 

jres of labor „eeds some type of manual, either a 

thirty pupils eac nrenared by himself. He could not keep up 

commercial form or one preparea oy i 

with his work had little training in tlie subject as- 

A beginning w security in a manual. His background 

signed to him may nn i-nowledgc of tested activities. His in- 

does not provide him with a knouieag 
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experience handicaps him in recognizing and taking advantage of 
situations that arise during his teaching. i i , 

A laboratory manual is also useful for pupils who must work under 
self-direction, such as those making up work lost by long periods ot 

However, laboratory manuals must not be allowed to dommate the 
science program. Teachers who for one reason or another are depend- 
ent upon them should work towards the day when they are free to use 
them only for the special contributions they may make. 


Suggested activities 

1. Begin making a card file of suggestions for laboratory experiments 
and exercises in the major science areas, giving preference to those that 
require materials that are inexpensive and easily procured in quanti- 
ties. Include a hst of needed materials with each activity. 

2. Prepare a direction sheet to guide pupils during a uniform labora- 
tory exercise. 

3. Plan a simple laboratory exercise. Procure the necessary ma- 
terials, and administer the activity to the others in your science methods 
class. Afterwards ask for criticisms. 

4. A distinction should be made between a stereotyped laboratory 
exercise and a true laboratory experiment. Plan and carry out a true 
laboratory experiment of the type suitable for secondary school pupils. 
Report your findings to your methods class for criticism of your pro- 
cedures and your conclusions. 

Suggested readings 

Brandwein, Paul F., “Some Suggestions for Individualized Work in 
General Science and Biology Laboratory,” Sc/iool Science and 
Mathematics, November, 1945. 

Manwller, Lloyd \V., “Laboratory Activities— Why?” School Science 
and Mathematics, February, 1956. 

A Program for Teaching Science, Thirty-first Yearbook of the National 
Society for the Study of Education, Part 1, Public School Publishing 
Company, Bloomington, 111., 1932. 

Science Education in American Sc/iools, Forty-sixth Yearbook of the 
National Society for the Study of Education, University of Chicago 
Press, Chicago, 1947. 

Science in General Education,” Report of the Science Committee of 
the Commission on Secondary School Curriculum of the Progressive 
Education Association, Applelon-Century Company, New York, 

Science in Secondary Schools Today, Bulletin of the National Associa- 
tion of Secondary School Principals, Volume 37, Number 191, Wash- 
ington, January 1953, Chapter III. 
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chapter 6 | Demonstrations are very use- 

ful teaching devices. They serve several possible functions, often two 
or more at the same time. Generally, teachers should use demonstra- 
tions more freely than they do, but it must always be remembered that 
demonstrations have certain limitations. Demonstrations should not 
be used indiscriminately nor to the exclusion of other teaching tech- 
niques. Improperly used, they defeat the purposes of the science pro- 
gram. Used to the exclusion of other techniques they prevent the full 
realization of the potentialities of the science program. 


CHARACTERISTICS OF DEMONSTRATIONS 


A demonstration is, as the word implies, a showing. When a teacher 
shows his class how to cut a pane of glass he is presenting a demonstra- 
tion. When he shows the reaction of sulfuric acid and sugar he is pro- 


senting a demonstration. ^ 

Maiw demonstrations arc called "experiments when according to 
the strict meaning of the latter term they shordd not be. To be .an ex- 
periment a demonstration most be built almnt a problem tbe solut.on 
of which 'is nnknown to the pupils. The teacher who denronstrates the 
electrolysis of water to show that water is composed of oxygen and 
hydrogen is not performing an experiment. The teacher who d«.m.,- 
strates^deetrolysis of xvater to find „„l xvbat eonst.tnte. 'va er » per- 
forming an experiment. Tl.ere is a subtle but nnportant d.lferenee. 
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Ev custom, demonstrations are presented by teachers. There are 
manv valuable outcomes to demonstrations presented oy the pupils 
themselves, either acting alone or in small groups. To profit by these 
possible outcomes the teacher should broaden his concept of demon- 
strations to include pupil presentations. 

Spetial functions of demonstrotions. Demonstrations may be used in 
several ways, each of which makes its own special contributions to the 
teaching of science. 

1. To set a problem. A demonstration may be presented without 
previous discussion. From the results arise problems of interest to the 
class. 

Mr. Cassidy used the traditional “water to wine” trick to introduce a study 
of chemical indicators. As he poured water containing a little phenolphthal- 
cin from a bottle info a drinking glass confoining traces of sodium hydroxide, 
the liquid became bright pink. The startled pupils demanded to know the 
cause and thus the topic teas introduced. 

2. To ilhistrnfc a point. This is the most common use of demonstra- 
tions. 

During a discussion of a recent eclipse of the moon Miss Appleby set up a 
model to demonstrate the relative positions of the sun, earth, and moon 
during an eclipse. 

3. To help solve a problem. Sometimes a problem of general interest 
arises quite spontaneously. If the answer can be discovered by an ex- 
periment that lends itself to demonstration, it may be advantageous to 
employ this technique. 

Dtiring a discussion of safety practices the question about the electrical 
conductivity of water arose. Mr. Knuth needed but a few moments to as- 
semble the equipment needed to provide an answer to the question. 

4. As fl fcuicio. After pupils have carried out an experiment or have 

seen one performed, a follow-up demonstration of the same or closely 
related experiment makes an axcellent review, usually much better 
than an oral review. 

A chemistry class bad tried copper plating by electrolysis during a laboratory 
period. Two weeks later during a discussion period Mr. Wexlcr set up the 
same materials. /U the experiment was in progress Mr. Wexler asked ques- 
tions about the reactions involved. Several pupils were able to clear up 
points that bad confused them and all pupils understood the process better. 
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5. To serve os a climax. An exciting demonstration is an excellent 
way to end a unit. 

Mr. Kuhn regularly ended a general science unit on the nature of air with 
a demonstration of the preparation of oxygen and the combustion of such 
chemicals as sidfur and magnesium in an atmosphere of pure oxygen. At 
the close of the demonstration he explained that this activity is typical of 
the work done in high school chemistry. 

Some advantages of demonstrations. Demonstrations have several ad- 
vantages that make them highly favored as teaching devices. 

1. A demonstration guides the thinking of all the pupils into ap- 
proximately the same channels. Problems may be raised and defined, 
solutions may be proposed and tested, and conclusions may be drawn, 
all as a class activity. If the subject has been carefully chosen and if the 
situation is properly developed, all pupils gain approximately the same 
understanding. It must be pointed out, however, that the technique 
of getting all pupils to participate fully is far from simple. 

2. A demonstration is economical of materials. Some items are too 
expensive to buy in quantities. For example, the mercury needed for 
barometers, and the vacuum pumps needed for atmospheric pressure 
experiments are very expensive. Other items may be too delicate to 
put in pupil hands. An example of this is the Hoffman apparatus used 
for electrolysis of water. 

3. Demonstrations enable a teacher to utilize activities that would 
be too dangerous for pupils to carry out themselves. Work with high 
voltage condensers is typical of such an activity. 

4. A demonstration may be economical of teacher time and energies. 

It is simpler to prepare material for one experiment than for fifteen 
duplicate experiments. It is easier to perform one e.xpcriment than to 
super\'ise fifteen. And it is much more convenient to store the materials 
needed for one demonstration than for fifteen experiments. However, 
the objectives of the science program must not be neglected in the in- 
terests of economy- If the substitution of demonstrations for individual 
experiments results in lessened interests and understandings, the s.av- 
ings in time and energy may actually l)c c-xpcnsivc. 

5. A demonstration may l>c economical of class lime. Materials 
used for a demonstration can often be set up and tried out before a 
class period begins. The fc.'ichcr, ireing e.TpcricnccrJ, am perform the 
demonstration more smoothly and more quickly llian the pupils. On 
first thought, demonstrations might seem to l>c the most efficient way 
of teaching. But the very smoothness and swiftness of the pace of a 
demonstration may defeat the ends desirotl. A demonstration seen fc 
not necessarily a dcmonstralion umJmlood. 
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The limifa.iene of demonstrolions. Demonstrations have several seri- 
ous limitations that make them useful only for certain types of learning 


situations. , , , ^ 

1. Visibility is always a problem. Pupils must be able to see all de- 
tails of the apparatus being used and all details of the reactions that 
take place if they are to profit by a demonstration. Visibility is a much 
more serious problem than most teachers realize. 

Miss Coleman, wearing a bright red dress, set up an air thermometer to 
show the expansion of air when heated. To make the liquid visible s e 
colored it with red ink. But when she stood behind the apparatus, the red 
liquid was almost completely invisible against her red dress. 

2. Pupils have little opportunity to become familiar with the ma- 
terials. The apparatus may be presented already assembled or may be 
assembled so rapidly that relationships cannot be grasped. Elements 
that arc simple alone may appear complex in combination. Irrelevant 
items often distract attention. 


To demonstrate the action of a photoelectric cell, Mr. Johnson assembled on 
his demonstration desk the following materials: a step-down transformer, 
a lig/if source with condensing lenses, c photoelectric cell fn its housing, 
a vacuum tube amplifier, a sensitioe relay, a rectifier, and an electric bell 
The pupils enjoyed the demonstration but they considered the topic difficult 
to understand. 


3. Much scientific information cannot be grasped adequately by 
sight and sound alone. Odors require close-up observation. Texture 
is best determined by touch. Forces are more significant when mus- 
cular action is involved. 

4. A demonstration is apt to go at such a rapid pace that pupils 
do not grasp each step. Unfortunately many pupils are reluctant to 
raise questions when they fail to follow the steps in a demonstration. 

Afr. Jones used a large scale model to explain the action of the commutator 
in a direct current generator. After he turned to another topic, a girl, some- 
what timidly, raised a question about the commutator. Mr. Jones in evident 
exasperation returned to the first topic. Upon questioning he discovered 
that a large share of the class had not grasped the concept of the alterna- 
tions of current in the rotor and had understood little about the purpose 
of the commutator. 


5. During any discussion which results from a demonstration, there 
may be instances when certain pupils tend to “carry the class along,” 
to the detriment of the others. It is not unusual for a few pupils with 
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special interests or abilities to dominate the discussion, leaving the re- 
mainder of the class to flounder along or to drop by the wayside. 

6. There are few opportunities for active pupil participation during 
a demonstration. It is difflcult to insure complete mental participation 
while the body remains inactive. In consequence, attention is readily 
distracted by irrelevant influences both internal and external to the 
pupils. Such loss of attention, unless accompanied by disturbance, may 
go unnoticed by the teacher. 

7. Elaborate demonstrations tend to be too convincing. The use of 
professionally-made apparatus, in particular, adds a note of authority 
and makes the results difficult to question. 

Mr. Reeves fastened a large U-shaped electromagnet to a hook in the ceil- 
ing of the physics classroom. When the science period began he energized 
the magnet, mounted a stepladder, attached a steel hall to one pole of the 
magnet and a cork ball containing a tack to the other pole. Then he de- 
scended and de-energized the magnet. The two halls, falling through a 
distance of about twelve feet, seemed to land at the same time. No one 
in the classroom cpiestioned the conclusion that heavy and light objects 
fall at the same rate. 

PLANNING A DEMONSTRATION 

A demonstration is “produced” much as a play is produced. Attention 
must be given to many of the same factors as stage directors consider— 
visibility, audibility, single centers of attention, audience participation, 
contrasts, climaxes. 

Preliminary considerations in demonstrating. The flrst tiling that 
should be considered when planning a demonstration is wlietlior a 
demonstration, with all its limitations, is the best way to deal with a 
certain topic. It would be poor technique, for instance, to use demon- 
stration procedures in testing foods for starch wJicn individual experi- 
mentation could be so much more effective. 

A second consideration is whether the subject material lends itself 
to tlie demonstration technique. Are there, for instance, elements of 
suspense? Will the action move along with sufficient speed? Is there 
adequate variety within the procedures to maintain interest? Is there 
a satisfactory climax? Must there 1 m* long periods of inactivity while- 
wailing for water to boil or for liquids to filler out? 

A third consideration is whether or not the materi.ils lieing utilized 
can be made visible to each pupil in the room. A demonstration is 
worse than useless if pupils do not know what is occurring. 
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During the consideration of any demonstration it miist be remem- 
bered that the primary objective of the lesson is to bring about im- 
portant changes in the pupils. A demonstration should be presented, 
not because it fills in a gap in some conventional and arbitrary 
organization of subject matter but because it may result in real 
benefit to the pupils. 

Insuring visibility. Simple, large scale apparatus is best for demon- 
stration purposes. When small items must be used, there should e 
special provisions for making them visible, perhaps by some form o 
projection. Even when large pieces of apparatus are used, con- 
sideration must be given to making small but important details 
visible. 

The position of materials on the demonstration table may be 
critical. There are often blind spots on a standard demonstration 
desk. Some of these blind spots are due to the relative positions of the 
pupils and the table. Some are due to materials which are placed on 
the table. The only way to avoid these blind spots is to view the 
demonstrations from the seals that the pupils will be occupying. 

The background behind the apparatus is important. A dingy, half- 
erased blackboard makes the worst possible background. Large 
sheets of white or colored cardboard, or backdrops of cloth, together 
wth suitable supports, are valuable in demonstration work. 

Contrasting colors within the apparatus itself helps to distinguish 
the various elements, but care should be used lest these colors detract 
from reality or give incorrect concepts. 

Proper lighting is also essential. Too often demonstration materials 
are inadequately lighted. Contrasts may be too low. Or there may be 
disturbing highlights, such as the reflection of windows from glass- 
ware, which obscure the contents of the vessels. 

Backlighting to silhouette apparatus may bo useful. A brilliantly 
lighted white backdrop behind unlighled apparatus increases the con- 
trast between opaque and transparent objects. A similar effect can be 
obtained by setting apparatus on a window sill. This technique is 
especially effective for sho^v^ng action inside glass containers. 

One or two spotlights properly focussed on demonstration apparatus 
make a startling difference. In some modern schools spotlights are 
built into the ceiling above demonstration desks. These provide good 
top lighting. Sideligbting is effective in many instances. Color fillers 
may be used with spotlights for dramatic effects. 

Demonstration materials need not ahvays be placed on a demonstra- 
tion table. Materials placed on the floor or on low tables enable 
pupils to look down on them. Materials suspended from the ceiling 
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permit an upward view. Large scale materials may be set up outdoors 
where pupils may walk around them. 


Focussing attention on the demonstration. An uncluttered setting 
focusses attention on the important details of a demonstration. Often 
it is wise to begin a presentation with a completely bare table. As 
each item is needed it is taken 


from a box, a draiver or a con- 
venient cupboard. 

An element of suspense is 
introduced if the materials are 
kept in a box whose contents 
are not visible to the pupils. 
The pupils keep wondering 
what next will be withdrawn 
and how it will be utilized. 

If a large piece of apparatus 
must be assembled before- 
hand, it may be covered with 
a cardboard carton. As the 
apparatus is “unveiled” it is 
certain to attract attention. 

Another technique for at- 
tracting attention is to set in 
operation some device that 
pupils will notice as they come 
into the classroom. 



One (lay tuhcn Mr. Goff's pupils 
came into their classroom they saw 
the scientific novelty which Mr. 
Goff later termed a "fountain in a 
vacuum" (sec figure 3). A bright 
red liquid was jetting upwards in a 
large flask, seemingly of its own 
volition. The first few pupils who 
noticed it began to discuss it and 
soon most of their classmates were < 


FIGURE 3. A fountain in a vacuum. 
This attentionwatching device is in 
reality a siphon. Atmospheric pres- 
sure forces the colored water up 
into the low pressure region in the 
flask, from which the water drains 
into the loivcr container. The foun- 
tain Is started fust as is the fioio in a 
siphon. 

stered around, trying to account fo 


its behavior. 


Planning for variety in demonsfrofion*. As in all other phases of 
work witli boys and girls, variety in using demonstrations is desirably. 
Variety can be achieved by modifying basic techniques slightly. Ead 
modification may have an entirely different effect on the pupils. 
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Variety can be provided by using dilferent techniques of presenta- 
Uon, by utilizing special apparatus, by using diSerent denionstrators 
by laUng advantage of situations that arise spontaneously, and by 
varying the setting of the demonstration. 

1. The teacher may present a previously prepared demonstration. 
This is the type most commonly seen in science teaching and needs no 


description. 

2. The teacher acting on the suggestions of the pupils may set up 
and present a demonstration to solve a problem that has arisen in 
discussion. To be effective, such demonstrations require immediate 
access to demonstration materials. 

3. A pupil may present a previously prepared demonstration. The 
pupil may have set up the materials after school, at home, or during 
time allotted from the class period. Unless the pupil is exceptionally 
able, it is wise to keep such demonstrations simple and direct. 

4. A group of pupils may present a previously prepared demonstra- 
tion. This group may have worked after school or during time allotted 
from the regular class period. The subject should be simple and 
direct. 

5. A pupil may carry out a demonstration under the direction of 
the teacher. In this situation a pupil has no idea of what be will be 
doing until be is given oral directions from the teacher. Again the 
subject of the demonstration should be simple and direct, but a 
number of pupils in succession may be directed to carry out a series 
of related demonstrations. 

6. An outsider-a pupil from another room, another teacher, or an 
expert not connected with the school— may present a demonstration. 
Demonstrations by outsiders ate often difficult to control and may be 
loo difficult for the pupils to follow. Adults who are not trained in 
teaching are particularly apt to go loo fast, to fail to give basic 
understandings, and to depend upon a technical vocabulary. 

7. A demonstration may be presented with some special piece of 
apparatus such as an opaque projector. The use of unusual apparatus 
adds novelty and a bit of suspense. 

8. A demonstration may be presented in some new setting such as 
outdoors. AUhoiigh there are special problems in these demonstrations 
the)’ arc very effective in capturing and holding attention. 

9. A demonstration may involve spectacular noises, lights, or mo- 
tions. The occasional use of such devices is justified in terms of 
attention and favorable attitudes. 


The importance of preparation and pre-testing. Last minute prepara- 
tions are apt to result in confusion and embarrassment. If a teacher 
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Air km ilMcl a wooden disk and a bmss ring of the same diameter 
L With a balance he showed that the two items wetghed 

the same. Then he held the two at the tor »/ inclined board. 

-Which one will roll down the slope faster?" he asked the class. 

Some pnpils thought the disk would roll faster while others fought the 
ring would reach the bottom of the incline first. Most of the pupils, however, 
thought that the two would roll at equal speeds. 

interesting prohlems can arise from the action of the demonstration 
materials themselves. From the problems the pupils discover the 


purposes of the demonstrations. 

Before her class convened. Miss Parry clamped one end of a copper tube 
to a laboratory support. The other end of the tube almost, but not quite, 
touched another support. Wires connected the supports to a dry cell and 
electric hell , 

In presenting her demonstration. Miss Parry directed a pupil to neat 
copper tube with a gas burner. In a few moments the bell began to ring 
and then later, after heating was ended, it stopped. 

The pupils speculated on the reasons, one suggesting that the hea 
produced elcriricittj, a suggestion that was shouted down because of the 
presence of the dry cell, and another pupil suggested that the metal 
became a better conductor when heated. Miss Parry acknowledged the 
contributions and then directed a pupil to trace the circuit. The gap was 
discovered, a new hypothesis tons raised, tested and verified. 


Some teachers have the unfortunate habit of telling their pupils 
in advance what the outcomes of the demonstrations will be. Oc- 
casionally the practice is justified but whenever it is used it denies 
pupils opportunities to formulate their own problems, to speculate, to 
plan methods of attack, and to draw conclusions in terms of their 
findings. 


Acquainting pupils with materials and procedures. Much has been 
said about the need for making demonstration materials visible. 
Equally important is the need for helping pupils recognize the mate- 
rials being used and the function that each item plays in the demon- 
stration. 


The first two items Miss Carpenter drew from a box were a spark plug 
and 0 “hot shot” battery, both of which the pupils identified. Two pupils 
connected the plug to the battery without producing a spark. 

The third item was a spark coil wlii'cli Miss Carpenter identified. Two 
other pupils connected this to the plug and battery following a circutf diO’ 
gram Miss Cflrpcnfcr drew on the chaUiboard. This time a spark was 
produced. 
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The fourth item teas a friction-top metal can in which a hole had been 
made to hold the spark plug. Pupils succeeded in producing a spark inside 
the can. 

The fifth item was a holllc of gasoline^ a few drops of which Miss Car- 
penter used in blowing the lid from the can. 

During this demonstration. Miss Carpenter made no assumptions 
about the understandings of her pupils. She made sure that each item 
was identified and its purpose made clear. 

During demonstrations that involve several steps or several asso- 
ciated activities it is usually well to stop occasionally for summaries 
of results. Such results may be given orally or they may be recorded 
in tabular form on the blackboard. The recording of results in the 
form of graphs is also helpful. 

Pacing a demonstration. The audience must not be forgotten during 
a demonstration. Facial expressions, obvious inattention, questions, 
laughter and exclamations— all these are helpful clues in judging the 
effectiveness of a presentation. 

A teacher should remember that it is difficult for young people to sit 
quietly for any great length of time. He should provide opportunities 
for relaxation. In general, it is best for demonstrations to be short and 
fast moving. If a demonstration must be extended over a considerable 
period, it may be possible to break it up into various phases separated 
by brief intervals during which pupils engage in other activities. 

Suspense is a useful device for holding attention. The moments 
leading up to a dramatic climax— an explosion or the fracture of a 
loaded wire— can be very exciting. Races of various types have their 
moments of suspense. 

Humor can play a part, too. Laughter is an excellent way to relax 
tensions. Adolescents tend to favor absurd situations and many demon- 
strations can be devised to end with ridiculous outcomes. 

In so far as possible pupils should be permitted to participate 
physically in demonstrations. There are relatively few situations in 
which the teacher must do all the manipulation and even then pupils 
can often serve as assistants. It is usually possible for first one pupil 
and then another to carry out certain phases of a demonstration under 
the direction of the teacher. 

Insuring understanding of events. Things are apt to happen so 
rapidly in demonstrations that a pupil misses some of the important 
points. He may have had a momentary lapse of attention, his vision 
may have been blocked at a critical moment, or an exclamation may 
have drowned out an essential word. If he dislikes calling attention to 
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Mr Kimhall rlisplmjed a wooden disk and a brass ring of the same Aiom^er 
'X7h,sws cL/. With a balance be showed that the two .terns we.ghed 
the same. Then he held the two at the top of an mclmed board. 
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Interesting prohlems can arise from the action of the demonstration 
materials themselves. From the probiems the pupils discover the 


purposes of the demonstrations. 

Before her class convened, Miss Pamj clamped one end of a copper tube 
to a lahoralorij support. The other end of the tube almost, but not quite, 
touched another support. Wires connected the supports to a dry cell and 

In presenting her demonstration. Miss Parry directed a pupil to heat the 
copper tube ivith a ges burner. In a feto moments the bell began to ring 
and then later, after heefing teas ended, it stopped. 

The pupils speculated on the reasons, one suggesting that the heat 
produced clcciricitii, a suggestion that tees shouted down because of the 
presence of the dry cell, and another pupil suggested that the metal 
became a better conductor when heated. Miss Parry acknowledged the 
contributions and then directed a pupil to trace the circuit. The gap was 
discovered, a ncit) hypothesis tees raised, tested and verified. 


Some teachers have the unfortunate habit of telling their pupils 
in advance what the outcomes of the demonstrations v’ill be. Oc- 


casionally the practice is justified but whenever it is used it denies 
pupils opportunities to formulate their own problems, to speculate, to 
plan methods of attach, and to draw conclusions in terms of their 
findings. 


Acquainting pupils with materials and procedures. Much has been 
said about the need for making demonstration materials visible. 
Equally important is the need for helping pupils recognize the mate- 
rials being used and the function that each item plays in the demon- 
stration. 


The first two items Miss Carpenter drew from a box were a spark plug 
and a “hot shot" battery, both of which the pupils identified. Two pupils 
connected the plug fo the battery without producing a spark. 

The third item was a spark coil which Miss Carpenter identified. Two 
other pupils connected this to the plug and battery following a circuit dia- 
gram Miss Carpenter drew on the chalkboard. This time a spark was 
produced. 
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All equipment used in demonstrations should be large enough to be plainly 
visible to each pupil. The pupils above are illustrating the principle of the 
thermostat with large scale materials. Their teacher commonly employs 
pupils in demonstrations and stays at one side where he can judge the 
effectiveness of the presentation and give advice. This practice also gives 
pupils valuable experience. 

directions without predicting results. It demands that he ask questions 
that encourage careful observations and intelh'gent speculation without 
telling pupils what they are to see or what conclusions they are to 
draw. It demands that he be critical of pupil statements without 
letting himself be influenced by what he thinks they should say. 

The "hands in pockets” technique has certain advantages. It frees 
the teacher to move about the classroom to notice how pupils react, to 
give help here and encouragement there. He is better able to check 
on visibility and audibility. He can see whether all pupils are re- 
sponding desirably. 

Mr. Jones set a carton on his demonstration table and took from it a box of 
baking soda, a bottle of vinegar, a spoon and a drinking glass. 

“Has anyone done an experiment with these four things?” he asked. 
Several hands tvent up. 

“All right, Boh," he said to one of the boys. “Come up and show ns what 
you have done.” 

Bob came forward, Mr. Jones moved to the side wall out of the center 
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his failures he may say nothing and thus fail to grasp the significance of 
the demonstration. 

A teacher should utilize all possible techniques to help pupils key 
abreast of events. One such technique is to ask a pupil to describe 
what he saw and then, without signifying approval or disapproval, to 
ask another pupil if he made the same observations. If arguments re- 
sult, it may be necessary to repeat all or part of the demonstration. 

Pupils are not always sure of the procedures used even when a 
teacher has used utmost care in describing them. Brief reviews may 
help these pupils to clarify their thinking. A review may be broken 
into several parts with one pupil reiterating the purpose, another 
describing the materials, and still another giving the procedures. 

Summaries, both oral and written, are essential. When demon- 
strations are made up of a number of distinct phases, interim sum- 
maries are desirable. Whenever possible, data should be summarized 
in chart or table form on the blackboard. This is often done by a class 
secretary. 

If materials or products which result from a demonstration need to 
be e.\amined or handled by the pupils, these may be passed out to the 
class in duplicate, or labelled properly and exhibited for later ex- 
amination. 

Working towards general oblectives. No matter how valuable the 
subject matter outcomes of a demonstration may be, equally important 
are the physical and mental changes which have been brought about 
in the pupils through their participation in the activity. Because mere 
passive acceptance of results produces few changes, pupils need 
maximum opportunities to manipulate materials, to perform before 
the group, to speculate about possible results, to defend viewpoints, 
and to modify opinions when presented with contrary data. 

A teacher can well afford to adopt a “hands in pockets” attitude, 
both literally and figuratively, in all his teaching, demonstrations 
included. Each time a teacher manipulates materials that pupils 
should manipulate, each time he gives pupils an answer to a question 
that they could solve themselves, each time he forces a ready-made 
opinion upon his pupils, he is denying them the opportunities to bene- 
fit fully from his teaching. 

The technique of keeping one’s hands in one’s pockets, both physi- 
cally and mentally speaking, is not an easy one to master. Tradition 
makes the teacher a fountainhead of all wisdom and common teach- 
ing practice encourages a teacher to dominate classroom activities. 
But hahits can be broken and tradition can he ignored. 

The hands in pockets technique demands that a teacher give 
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It IS not uncommon to find n teaclicr beginning a demonstration 
only to discover that the pupils have already seen the demonstration 
previously. It is not always necessary to rliscard ones plans if sucli an 
incident occurs. Sometimes the .same demonstration can he used to 
illustrate a more advanced idea. 

Miss I/ull phniicd a "candle race" for her sevcnlh grade class to find out 
whether the size of a jar covering a candle affected its burning. The pupils 
protested that they had watched the same demonstration the year before. 

"Let’s try it anyway," Jtfm Hull said and appointed three pupils to 
handle the jars, and another pupil as timekeeper. As expected, the candle 
under the smallest jar went out first. 

"Con anyone tell why this happened?" Miss Hull asked. The first re- 
sponses were the usual ones—" air used up" and “oxygen used up." Then 
pupils began to speculate about carbon dioxide and heating effects. A/tss 
Hull proposed that they try the experiment again to sec if they could dis- 
cover any clues as to the correct answer. 

This time, to everyone’s surprise, the candle under the smallest jar burned 
longest/ On a third trial all candles went out at once! The effect teas more 
s;Jccf//otio/i, more hypothesis formulation, and more attempts at verification. 

Eventually the pupils understood. Miss Hull had carefully lifted the 
larger jars from the extinguished candles and had placed them, mouth 
down, on the table top. But during the second trial she had held the smallest 
jar in her hands inconspicuously while the pupils were talking, thus inter- 
changing the air inside. 

Sometimes a teacher can anticipate undesirable reactions from his 
pupils and plan demonstrations to startle tJjese pupils into more 
favorable ways of thinking and acting. 

Two hoys in Mr. Pratt’s physics class had an annoying "know-it-aU" atti- 
tude that disturbed the smooth operation of the classroom. They reacted as 
expected token Mr. Pratt exhibited a Cartesian diver, in this case a minia- 
ture test tube floating inverted in a glass cylinder. 

Mr. Pratt asked one of the hoys to explain the diver, which he did credit- 
ably enough. He then asked the boy to demonstrate it. But the diver 
refused to cooperate. The diver behaved properly for other pupils but 
not for the two boys. 

The remainder of the class was at first quietly amused but became 
boisterous when the diver began a series of strange antics. The diver 
would continue to float while pressure was applied but sink when pressure 
was released. Once the diver bobbed up and down insultingly as soon as 
a pupil had turned his back. 
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of attention. After Bob had demonstrated the action of vinegar on baking 
soda, Mr. lones invited a pupil who had never tried the experiment to 
come jonvard and carry oitt the same activity. 

Mr Jones took other things from his box-a lemon, a fomflfo, a can of 
srapefruit mice, a box of alum~and m each instance asked for suggestions 
for experiments The pupils proposed the things to do, earned out their 
suggestions, and kept records on the blackboard. 


During this lesson Mr Jones did no manipulation save to take items 
from his box, and he gave no information save to introduce the word 
“react.” His hands were in his pockets, figuratively speaking, at all 
times. The pupils proposed most of the things to do and they learned 
by making their own discoveries. They ended the lesson with a 
limited but valid generalization that could serve as a basis for more 
extensive work. 

This lesson illustrates other important points. It moved swiftly and 
with several different approaches. There were moments of suspense 
in waiting to see what would happen, and satisfactory climaxes when 
the solutions bubbled over the top of the glass. The closed box pro* 
duced a feeling of anticipation. Best of all, there was opportunity for 
most of the pupils to participate actively at one time or another during 
the period. 


Some special presentations. There are several general patterns for 
demonstration procedures and each pattern is capable of infinite 
variation. The more that a teacher can adapt general procedures to 
fit special circumstances, the closer he can come to meeting the goals 
he has set up for his program. This often calls for considerable in- 
genuity. 

One situation that may be encountered is the need to discuss with 
pupils the characteristics of certain specimens. 


Mrs. MacWilliams found that the pupils in her earth science class were 
having difficulty distinguishing between gneiss, schist, and some of the 
banded sandstones. She planned to discuss the characteristics of some of 
the different gneisses with her class but she wanted to call attention to 
characteristics that could be seen only in large specimens and to character- 
istics that could be seen only on close examination. 

She prepared several large specimens of the gneisses, each a foot or more 
across. She also prepared fifteen sets of chips from these same gneisses, 
each numbered to correspond with the large specimen from which it came. 
She tvas able to point out characteristics on the large specimens placed on 
a table in front of the group. She was also able to refer to characteristics in 
the small specimens by referring to each by number. 



Demonstrations of all kinds 


143 


readily to forces of less than a gram. This balance may be used to show 
the changes in weight of air as it is being heated and to compare the 
densities of carbon dioxide and air. 

2. Atmospheric pressure. Demonstrations of atmospheric pressure 
require a vacuum pump, which may be either hand or electrically 
operated, a pump plate, and an assortment of bell jars. To show 
pressure changes, a direct reading 
dial-type pressure gauge is desir- 
able. 

3. Submerged and -floating ob- 
jects. The best device for showing 
what happens under water is a 
large, rectangular aquarium. An 
aquarium should be reserved for 
this purpose alone. 

4. Chemical reactions. Glass- 
ware for chemical demonstrations 
should be big. Specific gravity 
cylinders and gallon battery jars 
make good test tubes for cold re- 
actions. When heat is involved, 
oversized test tubes and large 
flasks are needed. 

5. Electric currents. A large 
scale galvanometer is needed for 
demonstration work in electricity. 

The model pictured on page 
144 is excellent. It has an added 
advantage in that suitable shunts 
and series resistances placed in the 
circuits convert it to a voltmeter or an ammeter as desired. The scale 
is visible at a considerable distance. 

6. Temperature changes. Suitable equipment for demonstrating 
temperature changes by direct reading instruments is not available 
for secondary school teachers. In college demonstration work, elabo- 
rate thermocouple and galvanometer combinations are used, but these 
are obviously too complex for general science and probably not de- 
sirable for physics and chemistry. 

Direct readings can be made from dial-type immersion thermometers 
but the dials are too small to be read at a distance. To show tem- 
perature changes the air thermometer shown in figure 5 provides fair 
visibility but no readings. Unfortunately the air thermometer does 
not resemble a standard liqxiid thermometer and pupils must become 




FIGURE 4. This diagram shows de- 
tails of construction of a simple 
balance. The beam is a quarter- 
inch dowel thirty inches long; the 
upright is about thirty inches long, 
and the base, a foot square. The 
hooks are made of ^24 copper 
wire. A spiral of wire serves for a 
rider. Counterbalance tveights can 
be made from loops of wire. (From 
Walter A. Thurber, "A Demonstra- 
tion Balance,” School Science and 
Mathematics, April, 1941.) 
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Mr Pratt revealed the secret. The inoerted test tube was weighted 
with a Ting of iron wire. Under the table top was a strong electromagnet. 
When Mr. Pratt pressed his knee against a button he could make the diver 
descend independent of any pressure applied. 

Novelty in demonstration serves to attract and hold interest. Nov- 
elty also makes classwork more enjoyable. 

Mr. Martin entered the general science classroom a few moments late. 
Without a word he picked up a ball-and-ring apparatus and showed that 
the ball could pass through the ring, weighed the ball, and entered the 
information on the blackboard. His very silence began to attract attention. 

Mr. Martin heated the ball, showed that it could no longer pass through 
the ring, weighed it again, and entered this figure beside the other one. He 
wrote on the board “What is the purpose of this experiment^’ and then 
left the room. 

The pupils who had been merely puzzled before now began to argue. 
After a few moments of confusion one boy took charge of the class, ap- 
pointed a secretary, and by the time Mr. Martin returned a few minutes 
later, had guided the class in making a record of the experiment. 


SPECIAL EQUIPMENT FOR DEMONSTRATIONS 

Special teaching techniques usually require special equipment. 
Demonstrations are no exception. Sometimes a teacher needs basic 
apparatus that he can assemble to meet his needs, then take apart and 
reuse in other demonstrations. Sometimes he needs apparatus specially 
designed to emphasize a point or set of related points. 

Multi-purpose equipment. Apparatus that can be used in many 
different demonstrations includes the following: 

1. Demonstrations involving weight and other forces. Scales with 
large dials are a necessity for comparing forces. Platform scales of the 
spring type are excellent for weighing objects and determining down- 
ward forces. Dairy scales, designed for weighing pails of milk sus- 
pended from them can be used to determine both weights and other 
forces. 

It is desirable to have two of each type so that comparative readings 
can be taken simultaneously. Two platform scales, for instance, may 
serve as the piers of a model bridge to show the change in forces as a 
loaded toy truck moves across the bridge. 

To indicate slight changes in weight, a sensitive balance is needed. 
Figure 4 gives details for building a demonstration balance that reacts 
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readily to forces of less than a gram. This balance may be used to show 
the changes in weight of air as it is being heated and to compare the 
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^^2 The techniques of science teaching 

Mr. Pralt revealed the secret. The inverted test tube was weighted 
with a ring of iron wire. Under the table top was a strong electromagnet. 
When Mr. Pralt pressed his hwe against a button he could make the diver 
descend independent of amj pressure applied. 

Novelty in demonstration serves to attract and hold interest. Nov- 
elty also makes classwork more enjoyable. 

Afr. Martin entered the general science classroom a few moments late. 
Without a word he picked up a ball-and-ring apparatus and showed that 
the ball could pass through the ring, weighed the hall, and entered the 
information on the blackboard. His very silence began to attract attention. 

Mr. Martin heated the ball, showed that it could no longer pass through 
the ring, itcighed it again, ami entered this figure beside the other one. He 
tvrole on the hoard “What is the purpose of this experiment?” and then 
left the room. 

The pupils who had been merely puzzled before now began to argue. 
After a few moments of confusion one boy took charge of the class, ap- 
pointed a secretary, and by the time Mr. Martin returned a few minutes 
later, had guided the class in making a record of the experiment. 


SPECIAL EQUIPMENT FOR DEMONSTRATIONS 

Special teaching techniques usually require special equipment. 
Demonstrations are no exception. Sometimes a teacher needs basic 
apparatus that he can assemble to meet his needs, then take apart and 
reuse in other demonstrations. Sometimes he needs apparatus specially 
designed to emphasize a point or set of related points. 

Multi-purpose equipment. Apparatus that can be used in many 
different demonstrations includes the following; 

1. Dcnioiii/rntfons jnooloing weight and other forces. Scales with 
large dials are a necessity for comparing forces. Platform scales of the 
spring type are excellent for weighing objects and determining down- 
ward forces. Dairy scales, designed for weighing pails of milk sus- 
pended from them can be used to determine both weights and other 
forces. 

It is desirable to have two of each type so that comparative readings 
can be taken simultaneously. Txvo platform scales, for instance, may 
scrx’c as the piers of a model bridge to show the change in forces as a 
loaded toy truck moves across the bridge. 

To indicate slight changes in weight, a sensitive balance is needed. 
Figure 4 gives details for building a demonstration balance that reacts 
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Fred was in the process of “funking an automobile when he asked his 
general science teacher to help him understand the differential. While 
the teacher was e.t/)/ain«ng, Fred recognized the need for a model and 
proposed making one. He removed the 


differential gears from their housing and 
make a wooden framework to hold them. 
He sawed off a drive shaft and attached a 
crank for turning the gears. He sawed off 
the axles and attached disks of pUjhoard 
to simulate wheels. By the time he had 
completed the model he understood differ- 
ential action himself and had helped some 
of his classmates understand it. inciden- 
tally, the teacher gained a valuable piece 
of demonstration apparatus. 

More commonly pupils need ideas 
for constructing apparatus. They 
may follow directions given in a pro- 
fessional journal or adapt ideas given 



in a photograph. Sometimes they 

need only the description of a device FIGURE 5. An air thermometeT. 

seen by or conceived by their teacher. 


Mr. Hall needed a device to demonstrate the nature of reflected colors. He 
told three pupils about the apparatus he had in mind. In a short time they 
had produced the device shown in figure 6. For a light source they used 



FIGURE 6. A demonstration color-mixing box. 
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thoroughly acquainted with its behavior before it can be effectively 
used in demonstrations. 

Building special apparatus for demonstrations. Science teachers have 
opportunities to display a great deal of ingenuity in the construction 
of apparatus for their demonstrations. Professional literature contains 
many examples of intriguing, exciting, and instructive devices. 



A demonstration galvanometer. 


The advantages of these leachcr-constructed devices are several. 
Most important is the fact that they are designed to illustrate a spe- 
cific point that the teacher xvishes to emphasize. Thus they fit into his 
teaching plans and correspond with his patterns of instruction. A 
teacher uses these devices with a special flair because he is so well 
acquainted with them, and with a special enthusiasm because he has 
created them himself. His pupils respond to this personal interest 
in the materials. 

Added advantages result when pupils construct demonstration ap- 
paratus themselves. They benefit directly from the experiences of 
planning and construction, and from the presentations they make. 
Their classmates benefit by increased interest. 

Teachers may suggest demonstration equipment for pupils to make. 
Pupils will also make suggestions themselves. 
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sciences where pupils are more used to thinking in abstract terms than 
are pupils in general science. 

Presentations involving miniature materials. Sometimes it is desir- 
able to use miniature materials during demonstrations. Then special 
procedures must be developed so that all pupils can see the materials 
involved. 

Microprojectors may be used for such microscopic materials as thin 
tissues and one-celled organisms. Since the viewing is somewhat un- 
real, it is best if pupils have had an opportunity to view the same or 
similar materials through a microscope beforehand. 

Mr. Shaw’s biology pupils had already prepared and viewed slides of 
paramecia from a hay infitsion. To introduec amoebae, Mr. Shaw prepared 
a slide of several of these organisms and projected it with a microprojector. 
The class was able to view some of the characteristics of amoeboid move- 
ment and structure. Afterwards, interested pupils tried to find amoebae for 
further study. 

A standard 2i by 4i slide projector can be used to project thin 
materials such as leaves in silhouette, or to show some details of 
structure of specimens that are sufficiently translucent. 



Rubber tubing 
compressed betweerj 
cover glasses 

FIGURE 8. Water cell for the projection of small aquatic organisms, chemical 
processes, and the like, with a standard lantern slide projector. 


A water cell can be made for the same type of projector. A short 
length of rubber tubing is arranged in “O" shape between two glass 
slides and the whole is clamped tightly rvith tape (figure 8). Liquids 
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„ shoe box lined with aluminum foil and fitted .eith a lamp socket on a 
block of wood. For filters they used several thicknesses of colored cello- 
phane sandwiched between panes of glass. They used the colored I ght to 
illuminate sheets of colored construction paper to see how each type of 
paper appeared in light of different colors. 


Demonstration apparatus tends to fall into two general categories- 
those used to illustrate the workings of some commonplace^ devices 
and those used to illustrate certain scientific principles. Fred s model 
of the differential falls in the first category. The following is an 


example of the second; 


Figure 7 shoies a device used by Mrs. Borodino to demonstrate to eighth 
grade pupils that the strength of an electromagnet depends upon the num- 
ber of turns in the coil and upon the cur- 
rent flowing through the coil. The two 
electromagnets, made from stove holts 
wound with insulated wire, are con- 
nected in series so that the same cur- 
rent goes through each. They are 
mounted in a frame to improve visi- 
bility. 

Pupils determine how many paper 
clips each electromagnet is able to hold 
when a single dry cell is used. They 
then repeat the experiment using two 
dry cells. The ammeter is used to indi- 
cate the change in current. 

FIGURE 7, A dccicc fm demon- Demonstration apparatus should 

siraiingthatthc number of turns designed to be as simple and 

of tvirc on an electromagnet de- straightforward as possible. It is 

/ermines the strength of the very easy to introduce confusing 
elements while attempting to em- 
phasize certain points. Even with 
Mrs. Borodino s excellent device for illustrating the principles of 
electromagnets it should not be forgotten that many pupils do not 
realize that the current is the same in both electromagnets. 

Pupils generally understand apparatus that is closely related to 
things with which they are familiar. A device for showing the effect 
of tension on vibrating strings can be made similar to a guitar or banjo. 
Models of cranes and slide projectors are usually effective. 

Apparatus \ised to demonstrate abstract principles, however, may 
be less readily understood and arc more appropriate for the advanced 
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Fowr pupils from Mr. Hull's ninth grade science class prepared a demon- 
stration as part of a unit on aerodynamics. They suspended two flasks 
about an inch apart, hanging them from strings attached to an overhead 
support. During the demonstration one of the pupils blew through a long 
glass tube pointed at the space heticeen the flasks. The action of the flasks 
was made visible by projecting greatly enlarged shadows of the apparatus 
on a beaded movie screen. 

Audibility is as important as visibility in many demonstrations. 
Sounds can be picked up and amplified by means of a microphone, 
an amplifier, and a loud speaker. 

Mr. Shipplcy placed a microphone on a pupil’s chest and amplified the 
sound of his heart beat with the sound projection apparatus of a sound 
movie machine. He was able to point out the nature of the different sounds 
and he was able to demonstrate the effects of various conditions such as 
exercise. Later he purchased a special stethoscope-microphone which gave 
more satisfactory results. 


Suggested activities 

1. Make a check list of points to guide you during the presentation 
of a demonstration. Observe a science teacher present a demonstra- 
tion and apply your check list. 

2. Prepare a demonstration and present it to your methods class. 

Afterwards ask for criticisms. , , , 

3. Prepare a demonstration that pupils would be able to present 
by following your oral directions. Carry out this demonstration using 
the members of your science methods class to gain practice in this tech- 

" 4 . Continue to build up your activity card file by adding suggestions 
for demonstrations. 


Suggested readings 

Brown, H. E„ “Maferials for Laboratory and DemonstraUons, Science 
in Secondly Schools Today, The Bulletin National Assocm . on 

of Secondary School Principals, Volume 37, Number 191, January 

Brief buy®V.,ape?teen<s with Water, Air Fuels M'-f 

and Ellctricity, Sound, Light (Seven volumes). Washington. Na- 

tionalScienceTeachersAssociaUon (n.d.). Phem- 

Elder, Albert L., Demonstrations and Experiments in Gene . 

New York, 10S8. 
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m the cell are projected on a beaded screen. Opaque objects within 
tiie liquids appear in silhouette. Unfortunately all images are inverted 
-a fact that pupils should be made aware of before the demonstration 
IS started. 

The opaque projector has some important uses, providing the room 
can bo d,.rkeued sufficiently. The greatly enlarged images enable all 

be vt wed may also 

"1“ «’!thout using 

g quantities of the metal. He placed a pan of water in an ovaaiie 

.■cr;;;isL "■» >>-rning 44- 
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projector, is placed low in from of lens, such as a slide 

apparatus arc cast on a white «er#.o« i Shadows of the 

By using a diverging beam of linht fr <lemonstration table, 

nnich larger than ,1^ ohj^^: 'Sh Z 
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chapter 


I he classrooin is a limited 


place, bounded narrowly by four walls and meagerly equipped for the 
task of providing pupils with worthwhile experiences. The world out- 
side the classroom knows no bounds; it has almost every conceivable 
situation that a teacher might wish to utilize. In the school corridor 
pupils may study fire control measures or the effectiveness of a mega- 
phone, or may determine the horsepower they develop when they run 
up a flight of stairs. Still within the building they can gain important 
experiences in the school shops, in the cafeteria, in the heating plant, 
and in the nurse’s office. On the school grounds there are almost 
always plants, insects, birds, soil, paved surfaces, playground equip- 
ment, sunshine and shadows, flagpoles, building materials, bicycles, 
and automobiles. And just beyond the bounds of the school property 
lie the limitless resources of the community. 

Many field experiences need only a few minutes for completion and 
nearly all can be accomplished within the limits of a period. Time 
need not be a limiting factor. Nor does transportation need to be a 
problem. A full program can be built up about the experiences within 
a few minutes walk of a school. 


Miss Busch teaches biology in a high school in the heart of Brooklyn. She 
finds ample 7naferial for a field study program and has no sympathy for 
urban teachers who argue that field work is possible only in suburban and 
rural areas. “The challenge is naturally greater in the city," she says, “but 
that means that an urban teacher can do much more for her pupils. 
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seclusion. Whatever observations are made of living things indoors 
should be considered as supplementary, not basic, experiences. 

Field work permits firsthand study of many things that cannot be 
brought into the classroom because of size or inconvenience. It is only 
in the field that pupils can study real apple trees and power shovels 
and waterfalls. It is only on field trips that they can see song birds. It 
is only outside the classroom that they can investigate the operation 
of complete automobiles. 

Field work permits a class to engage in activities that are too noisy 
or too violent to be used in the classroom. A soda-acid fire extinguisher 
must be operated outdoors. Model airplane gasoline engines demon- 
strated in a school building would disturb classes on every side. 

Outdoors, pupils are able to work with large scale materials. A 
teeter-totter makes a more impressive lever than a meter stick, and 
erosion is better demonstrated with a stream of water from a garden 
hose than with a tiny trickle from a faucet. 

Field experiences and the senses. During field work, all senses are 
brought into action. Thus pupils gain a more complete picture than 
from any other known method of teaching. 

Cenevieve is watching a huge derrick lift a steel girder into position for a 
new building. She has fixed her attention upon the gracefid sweep of the 
great load through the air, but though she is not truly conscious of them, her 
senses are aware of much more. Out of the corners of her eyes she sees the 
erratic movements of men and machines— urgent gesticulations and ponder- 
ous obediences. Her ears are filled with the stuttering growl of hoisting 
machinery, the roar of truck engines, the clang of dropped steel, the shouts 
of workers. In her nostrils are the scents of raw earth, new concrete, sun- 
heated boards, tarred cables, motor oil, and the prevailing stench of engine 
exhaust. Beneath her feet the ground quivers as trucks roll by. All these 
sensations pile one upon another with almost frightening intensity and 
blend into the final picture Genevieve has of a large building under con- 
struction. 

What comparable experiences could a teacher provide within the 
limits of the classroom? A model may give Genevieve an understanding 
of the mechanics of a derrick but it can give no impression of the mag- 
nificent power. A film may show the relative sizes of men and ma- 
chines but fail to give the picture of everything working together. A 
recording can produce noises that approximate reality in pitch and 
rhythm but not in intensity or direction. Odors, so much more im- 
portant than most people realize, cannot be duplicated. And the 
interaction of all the senses, the blending of sensations into tlie final 
impression, is pitifully incomplete. 



152 


The techniques of science teaching 


Her trips take the pupils “no farther than one’s feet can take him.” She 
believes that arguments about transportation difficulties are apologies, not 
reasons, for failing to take advantage of the resources around the school. 

For administrative reasons she takes her trips on Tuesdays. “As a result, 
she says, “our biology periods on Mondays are very exciting planning 
periods.” The pupils must not only plan tohat they are going to do but also 
what they are going to wear because they have agreed not to let the 
weather interfere with their activities. 

Her pupils have studied the way dandelions crowd out the grass in the 
school lawn, the secondary sex characteristic of city birds, and protozoa in 
puddles. "It is one thing to establish a culture in a battery jar in the class- 
room,” says Miss Busch, “and quite another to look for protozoa in places 
iohich are part of our everyday environment.” 

In winter her pupils have studied temperature distribution in snow and 
have looked for insects. They have examined plants that stay alive and 
plants that die completely and have observed ways that plants make pro- 
vision for new plants the next spring. 

“Note that none of these trips are meant to extend beyond a regular 
period,” Miss Busch points out. "We simply adapted our program to our 
allotted time. We worked in an outdoor laboratory.” ^ 

FIELD EXPERIENCES 

Field experiences are firsthand experiences. They arise from direct 
learning situations. They play the same role in the learning of science 
as do experiments and demonstrations. 

Special eoniribotions of field experiences. Field experiences are gen- 
erally much more closely related to the out-of-school experiences of 
young people than are the experiences gained in the classroom. Field 
experiences tend to be much more meaningful and permit easier trans- 
fer of learnings to the solution of real-life problems. Field work awakens 
many interests that classroom work cannot arouse. Field work is the 
study of actual objects, and objects stimulate more curiosity than do 
ideas. Out of almost any situation encountered in the field can de- 
velop a host of challenging problems. 

The best place to study the reactions of plants and animals is in the 
field. Most living things do not react normally when brought into the 
classroom. Native plants are adversely affected by unnatural light and 
humidity conditions. Animals do not have proper diet, exercise and 

> Buscli. Phyllis B.. “I am Prejudiced,” The Ameiicnn Biolosu Teacher, 
laniiarv. IQaT. 
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Many other sound experiments are best carried on outdoors. Studies 
of echoes can be made if there is a clear area of one hundred yards or 
more at the base of a large building. Megaphones are most effective 
outdoors. Doppler effects can be demonstrated by a boy blowing a 
whistle as he rides past on a bicycle or in a car. The Doppler effect is 
also noticeable when pupils bow over and straighten up as they listen 
to a passing airplane. 

Much of the study of mechanics is more effective outdoors where 
large scale equipment can be used. Page 47 describes an experiment 
with a bosun’s chair in which a pulley is suspended from a playground 
swing framework. Other pulley problems may be studied the same 
way. The outdoor laboratory makes possible the use of large levers, 
wheelbarrows, bicycles, and large inclined planes. 

Laws of motion can be best investigated where there is space for 
things to move. Falling bodies may be studied by dropping different 
kinds of objects from fire escapes or high windows. Stopping distances 
of runners, bicycles, and even of automobiles— if a driver-education 
car is properly equipped— can be determined on playgrounds and 
streets. Principles governing projectiles may be discovered. The effect 
of trajectory angles can be shoNvn with a stream of water from a garden 
hose and with a bow and arrow. Horizontal and vertical motion can be 
related. 


The boys in Mr. Jordan's physics class wanted to measure the speed with 
which a pitcher could throw a ball. Mr. Jordan took the class outdoors and 
lined most of them up about ten feet from the base of the huilding. nc 
boy was selected as the pitcher and directed to throw the ball between the 
row of observers and the building, trying to start the ball on as nearty a 
horizontal path as he could. The observers checked to be sure that the bait 
did not rise above the horizontal, using the rows of bricks as reference 
lines. Two pupils noted the height of the ball as it left the pitchers hand. 
Another pupil noted where the hall landed. . , ,, , 

. ..fjoc chniikl be carried on in tlic outdoor 

Many earth sconce , „„„ mcaningFnI when taken to 

laboratory. Contour to tl.c actual feature^ 

a hill top or other '’''"‘’■'""“''P rasoreinents most he clone ootcloors. 
of the landscape. Most ^ I j.q„ipioent to approach accuracy. 

Erosion experiments need large scale ec, i 

... rrremi'ich. Connecticut, rxpcrinicnH with 
At the Atidiihoii Nature Cciili ' ^„„l„i troughs ahoiit sir feel long, 

soil erosion arc carried on wilh tuo targe 
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Learning-true learning-is the result of many sensations interacting 
and merging with one another. If one or more sensations is omitted 
during the learning process, the final impression is weakened, not only 
by the absence of the missing sensations, but also by the absence of 
their effect on each other. 

Using field experiences to set problems. One of the most important 
ways to establish problems in science classes is to bring pupils into 
contact with things. Field work, of course, emphasizes the observation 
and manipulation of things. From tlie contacts thus made questions 
inevitably arise. Attempts to find answers to the questions give rise 
to new problems and thus horizons continue to expand. 

Mr. Schmidt took his earth science class to a gravel pit in a glacial mor- 
raine. lie directed the pupils to shut their eyes and pick up the first ten 
stones the hands of each encountered. The first question was, of course, 
“What kinds?” 

The pupils classified the specimens by type and identified as many as 
possible. Mr. Schmidt helped with the unknowns. The pupils were then 
asked to total the numbers of each type and calculate the percentages 
represented. 

New questions immediately arose. “Why should there he so many dif- 
ferent kinds of rocks in one place?” “Why should 72% of the specimens 
be shale?” 

Back in the classroom Mr. Schmidt directed the pupils in a study of 
glacial movements and the distribution of bed rock in the region. Pupils 
made maps of the possible origin of their specimens and the probable flow 
of ice that brought them to the gravel pit. 

Outdoor laboratories. Teachers may consider the world around their 
classrooms as their laboratories, where they can carry out experiments 
on a scale and of a type impossible within doors. 

Mr. Wilson’s physics class planned a demonstration of the speed of sound. 
Two pupils were to carry an automobile tire rim as far away as could be 
seen from school, a distance of about 350 yards. There one pupil was to 
hold the tire rim suspended by a cord while the other pupil hit the rim 
with a hammer to which a white cloth was attached. 

On the day of the demonstration the boys carried the tire rim to the place 
planned. Two others measured the distance to the school where the re- 
mainder of the class waited. By tvatching the white cloth the observers 
could tell when the hammer struck the rim. The interval before the sound 
arrived represented the time needed for the sound to travel the distance 
between the two points. Some of the pupils tried to estimate the time with 
a stop watch. 
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Miss Dale gave her eighth grade science pupils kitchen strainers, flat pans, 
and glass jars, and took them to a nearby stream. In a few minutes the 
pupils had collected a rich variety of aquatic life to take hack to the class- 
room for study. Aquariiuns were first set up. Then the pupils began a series 
of observations and experiments with their specimens, followed by refer- 
ences to books for information on life histories. 

Units based upon field experiences do not differ in organization from 
those based upon classroom experiences. There are the same oppor- 
tunities for experimentation, for reading, for summary and organiza- 
tion, and for project work. The only real difference is in the source of 
the basic e.xperiences upon which the unit is built. 

Field trips as follow-up experiences. Field work may be used in sci- 
ence units to show applications of the information gained through 
previous study. 

Mr. Swansongs physics class had studied transformers in the laboratory, 
experimenting with models, dissecting a hell-ringing transformer, and t( st- 
ing a small commercial transformer. Near the close of the unit, Mr. Siconson 
took the class to a transformer station that serviced the community. Here 
the pupils saw the three large step-down transformers hooked into a three- 
phase network. Their attention was directed to the variation in size of 
conductors and insulators in the primary and secondary circuits. 

The pupils also noted the cooling systems of the transformers, the light- 
ning arrestors, the circuit breakers, and the voltage regulators. Upon their 
return to the classroom they read about these devices and discussed their 
operation. 

i\fr. Swanson s use of field e.xpcricnccs made e-xcellent foHow-up for 
laboratory experiences. The pupils l>ad gained a knowledge of the 
construction and operation of miniature transformers from their labora- 
tory work. The field trip sliowcd them large transformers in actual use. 

The relative sizes of the insulators in primar)’ and sccondaiy circuits 
pointed out the “step-down” action of the transformers. The relative 
sizes of primaiy and secondary conductors emphasized the reciprocal 
relationship of voltages and current in a transformer circuit. The 
cooling system and the hum illustratcrl the energy losses in coils ant! 
cores. 

In this instance, the field trip was more meaningful for being usetl 
as a follow-up activity than as an introtluction to the study of trans- 
formers. Commercial install.ations lend to l>e complex and to contain 
accessoix- devices that confuse the beginner. A prellminar)- under- 
standing of basic components makes it e-asier to trace events and 
processes in commercial Installations. 
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two feet wide and six inches deep. These troughs are filled with soil and 
propped up on an incline. Measured quantities of water are sprinkled on 
the soil and run-off is collected from holes pierced through the lower ends 
of the troughs. One trough may contain bare soil while the other is heavily 
sodded, or there may be other combinations. Effects of different slopes 
can be shown by propping up one trough more than another. 

Centering instruction about field experiences. It is possible to build 
many instructional units about materials that arc available in the 
field. This places field experiences at the core of the learning activities. 



Field trip possibilities exist in endless variety within a fete minutes tcalk of 
every classroom door, beginning right in the school corridor itself. 


Less than half a mile from the school where Mr. Dean teaches chemistry 
is the Portland Cement plant that is the chief industry of the community. 
Early each year Mr. Dean introduces a unit on the manufacture of cement 
and its properties. He takes his classes on trips to the quarries, to the plant, 
and to the testing laboratories. Nearly all laboratory and classroom work is 
an outgrowth of experiences gained in the field. 

Within a short distance of most classrooms there are different but 
equally effective learning situations around which complete units may 
be centered. Sometimes a single trip can provide enough material for 
days of study. 
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from the school he must investigate the transportation facilities avai'- 
able. 

Adapting the program for field work. Conventional planning pro- 
cedures usually begin with the setting of subject matter ob|ccli\cs, 
followed by decisions as to the most suitable activities for attaining 
these objectives. There is a place for field experiences in a program so 
planned just as there is a place for experiments. 

With conventional planning, however, many opportunities for held 
work are neglected because their contributions seem insigni icant. 

Miss Busch describes an urban field study thus: Many city children 

sato a clover plant crowing, although it is certainly very common. 

are found on lots and borders. Have the pupils measure off a square fc o 

and then count the number of plants. How many 

they find? Compare the shapes and sizes of leaves. Dig up a plant to 

the root nodules.*’ * 

If Miss Busch were teaching a conventional nnit on '■‘>1’''’*'=“™' 
she might feel little enthusiasm for wa king her P;,'P‘'= f 
flights of stairs merely to see clover plants . Z i / ' 

trailing stems. And to a conventional unit on - „ 

might prefer to dig up a clover plant and take .t mto the class room 

show the nodules. ^ ..oc /sAnvonHonal 

Most units built around field trip c.xper.cnecs cut j 

subject matter boundaries. A field study of clove P“* “ 

;ASS;;i:ningse,„e„eeis.ero— 


The resulting plans arc necessarily 

adapted to the local situation P™ |„,,,1 program ti.ey 

perienced teachers have discovcrcc • 
cover almost ll.e same material through plans 

through conventional plans. - . / „ rnn- 

^ ... the effectiveness of a eon- 

Mr. Moose planned an experimen o experiences. One class 

vcnthnal program and a program taset hlntogy-elassrooin 

taw exposed to the conventional i«c hiology class ivos toUn into 

discussions and laboratory exerases. , «r<h/icr prrniitteil pupils 

the field throughout the ^ 

■ thiil. 
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Field trips for review and drill. Few teachers recognize all the poten- 
tialities of field work. Rarely does one see a teacher using field work for 
review and drill purposes. 

Miss Birdsall took her eighth grade science class to see a sawmill as part 
of a unit on the growth and uses of trees. Two weeks later, in a review of 
the learnings of the trip and subsequent readings. Miss Birdsall brought the 
class back for a return visit. The pupils had an opportunity to review their 
understandings in a more impressive way than an oral review could have 
done. 

Identification of things studied in the field can also be reviewed 

and tested in the field. 

Mr. Martin gave his biology pupils duplicated sheets hearing numbers 
corresponding to numbers on tagged trees in a nearby park. At the park, 
he started the pupils, one at a time, on a circuit of the trees. As the pupils 
moved from tree to tree, they wrote down the names of the trees in the 
appropriate blanks on their sheets. Then Mr. Martin took the class around 
the same circuit so they could correct their answers. 

Review work in the field can take the form of games and contests. 

Mrs. Adams divided her biology class into ttvo fcatns and announced a 
scavenger hunt. To the leader of each group Mrs. Adams gave a list of 
items to be collected. The list contained such items ns the following: 

1. A piece of a plant that reproduces by means of spores. 

2. An arthropod that is not an insect. 

3. A perfect flower. 

The region in which the pupils must collect was defined and the time 
limit was established. The pupils were then dismissed to begin their hunt. 

GETTING READY FOR FIELD WORK 

A teacher encounters certain special problems in planning field work. 
For one thing, programs given in courses of study and in text books 
rarely emphasize field experiences as basic learning situations. A 
teacher must make certain adaptations in his program if he is to use 
field experiences effectively. 

The teacher must also search for school and community resources for 
use in field work. Community resources have rarely been inventoried 
by a teacher s colleagues or predecessors. 

Finally, the teacher must determine school policy about field work 
and fit his plans into any regulations established by the school admin- 
istration. And if he plans to take his pupils beyond walking distance 
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wrnt to parks and gardens and meant lots where they could study such 
plants and animals as they encountered. All field trips were planned, of 
course, but if something interesting caught the eye of one of the pupils, 
Mr. Moose stopped to elaborate on it. The group exposed to conventional 
tea, king methods was very conscious of the final state examination. The 
second group was not informed about the examination until the time came 
fni jcview. Both groups reviewed for the examination for the same amount 
o-f fme. Both groups performed about the same on the examination. Both 
ntfamed approximately the same average gradc.^ 

Surveying resources for field experiences. “Study indoors the things 
that are best studied indoors; study outdoors the things that are best 
studied outdoors.” This is an excellent precept to govern all field work. 

Within and around each school are hundreds of things worthy of 
study— resources far more valuable than are available in the most 
expensively equipped laboratories. Little things that are so common 
make the best things to study; one does not need a volcano, a blast 
furnace or a botanical garden for effective field ^vork. 

To make a survey of resources it is well to begin within the school 
building and on the school grounds because there are comparatively 
few problems when taking trips inside school boundaries. One may 
then explore the immediate neighborhood. Long trips are advisable 
only when the learning opportunities justify the additional time and 
effort needed. The list on page 161 may be of service in suggesting 
possible field study situations. 

Administration of field trips. Trips taken within the confines of the 
school property present few administrative problems. Most school sys- 
tems permit teachers to take their pupils any^vhere within these limits 
without special permission. Sometimes, however, a principal wishes 
written notification of intent to leave the classroom. 

Trips off the school property, however, involve the problem of 
liability for accidents. Policies governing such trips have usually been 
established by the school officials. Most principals justifiably insist 
upon a written notice which includes the names of the pupils and the 
destination of the trip. Some systems require written permission from 
each parent before pupils can be taken from the school grounds. This 
last requirement is a serious handicap in the case of short trips and 
teachers should try to obtain blanket permissions for trips within the 
immediate vicinity of the school. i 

Long trips, particularly those requiring the use of buses or auto- 

® Personal communication frcrni Dr. Carleton Moose, Professor of Biology, 

State University of New York Teachers College. Albany. New York, June 
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hour, he was able to give his pupils almost an hour at the station by having 
them bring lunches to eat enroirte. 

Teachers must find time in their own busy schedules for field trips 
that take more than one period. Some schools provide these teachers 
with substitute teachers during the hours they are nu’ssing. Sometimes 
arrangements can be made with other teachers who have vacant 
periods. Sometimes pupils in unmet classes can be sent to the study 
halls with special assignments. Not infrequently in smaller schools the 
principal or vice-principal helps out. 

Teachers may be concerned about supervision of the pupils during 
field trips. If the trips are to places where there are special hazards, 
it is desirable to have one or more adults along to help out. Sometimes 
a principal or a special teacher will consent to go along. Sometimes 
other teachers who are free go gladly. Parents may be asked to par- 
ticipate in such trips. 

One teacher solved her problem in an entirely different way. She 
divided her class in two parts and took only one half at a time. The 
other half vvas sent to the study hall and to the library to work on 
special problems. By alternating the groups, slie was able to have a 
much more manageable group in the field. 

PLANNING AND CONDUCTING FIELD WORK 

Four parents with cars were helping Miss Hunter take her seventh grade 
to stud}/ the plants and animals that live in and near water. The cars were 
driven to a small pond, and the pupils rushed off in several directions around 
the pond. Miss Hunter and the parents strolled along a path to the edge of 
the pond, chatting casually about the pupils and their activities. Within 
fifteen minutes the pupils began to move toward Miss Hunter. The first 
arriuals promptly displayed the specimens they had collected. 

"W/ii/ don’t you show that to Mrs. Bouton?” Miss Himlcr told one girl- 
"That’s an interesting find, Sylvin,” she ioM another pupil. "Let's show it to 
the mothers icho brought us out here.” 

Within twenty-five minutes all the pupils had returned and tvcrc getting 
into the cars for the trip hock to the school. 

"Miss Hunter,” said one of the mothers, "How can you keep so calm? / 
used to be a teacher and / icouWirt have dared let the pupils go off in all 
directions by themselves. I icoidd have insisted that they slay together.” 

Miss Hunter looked faintly surjyriscd at the //iieition and a hit puzzled loo. 
"Why. I don’t know," she said hesitatingly. “/ guess / fust expect them to 
behave properly and they do.” 
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mobiles, are a different matter. Parents should know when their chil- 
dren are leaving the school for extended periods. Because long trips 
require considerable advance preparation, the request for parental 
permission imposes little hardship. 

The majority of field trips should not require transportation. How- 
ever, there may be some highly desirable experiences that could be 
given if some form of transportation were available. Schools that own 
their own buses commonly provide the buses for field work without 
question or limitation. Some allot a certain number of miles to each 
teacher, giving the individual teacher the option of using the mileage 
for a few long trips or several short trips. Other systems allot the use 
of buses on an hour basis. Sm.all systems arc generally more flexible 
than large ores. 

Occ'noTuiiiS, a system budgets money for hiring buses for field 
work. Individual teachers must anticipate their needs for bus travel 
in making up their budgets for the following year. 

When public carriers are available, as is the case in metropolitan 
areas, teachers may ask pupils to bring money for transportation unless 
school policy forbids this. The teacher must always anticipate the 
problem of those pupils who cannot afford the cost. 

Parents may be willing to transport pupils in their personal auto- 
mobiles. It is essential that these automobiles be properly insured. 
Miss Donaldson, seventh grade teacher in a non-departmcnializcd school, 
used field trips extensively. She made requests for transportation through 
her Mothers’ Club,” an organization that provided a number of services. 
There was rarely any problem in finding half a dozen >noi/icrs free to drive 
when field trips were planned. 

Time for field work should rarely be a problem because so much 
can be accomplished within twenty or thirty minutes. Trips to distant 
places, however, may require travel time in e.xcess of that provided by 
the schedule. 

Some school principals look with favor upon field work and gladly 
excuse pupils from all classes for long trips. Other principals hesitate 
to excuse pupils arbitrarily but do not object if two teachers agree to 
exchange class time. Thus a science teacher and a mathematics teacher 
having successive periods with the same group may alternate classes 
on two different days, providing each with a double period. 

If a science period precedes or follows the lunch period, it may be 
possible to extend a long trip through the lunch period by asking the 
pupils to bring their lunches. 

Mr. Anderson wanted to take his earth science class to the local airport to 
see the weather station. Because his class met immediately after the lunch 
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has a megaphone, a public address system, or the voice of a bull. 
Discussions generally fail because pupils cannot hear each other and 
because there are so many distracting things to look at. Reading is 
difficult in bright sunlight. Writing is done under severe handicaps. 
And pupils are too exhilarated to sit passively as they might be able 
to do in the classroom. 

But there are plenty of constructive things that can be done in the 
field. Pupils can be set at work on any number of problems. They 
can explore, collect, take measurements, experiment, or do anything 
else that demands physical effort. 

When considering problems for field work it is generally wise to 
select those that permit pupils to work with their hands in some way. 
One should assume that if no provision for this type of activity is made, 
some of the pupils will probably find things to do with their hands, 
things that teachers would Just as soon not have them do. During a 
five minute walk on the way to a park, pupils in a seventh grade class 
were observed to do the following things unrelated to the purpose of 
the trip i 


1. Two girls walked along with their arms about each other. 

2. Four girls picked up colored leaves. 

3. Five boys picked up black walnuts and threw them. 

4. Two boys tripped the girls ahead of them. 

5. One girl chased the boy who tripped her. 

6. One boy punched the boy ahead of him, was punched in return, 
and grappled with the hoy momentarilv. 

7. Two boys continu.aHy Jostled each other as they walked along 
side by side. 

8. One boy broke twgs from bushes and a Imv branch and threw 
them at others. 

9. One boy Jumped up and pulled some leaves from a low hanging 

branch, then wadded up the leaves and threw them at pupils 
ahead of him. , , f r . . i 

10. One boy pretended to put a caterpillar down the necks of the girls 

ahead of him. . . , , , 

11. Tliree girls docked and squealed at the pretended catcrpilhr, 

A fourtfi girl slapped ‘I'e , , , , , , 

12. One boy snatched the "beanie from another hoy s head hot was 
forced to rctiim It by the teacher. 


These .irc the normal reactions of prcadolcsccnts and early adoles- 
cents The e.vperienccd teacher e.rpects such behavior and is not upset 
by it. He docs, however, try to provide snbstilule activities lhat arc 
more constructive than those just listcrl. 


Enef. i/cer Mr Wallhcr look /its chrmistnj dosses to dsil o jonk pile, tils 
pupils u orkc, I in pairs, cad, pair bdap prod, Id ,dlh a sirong magnei aa,I 
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Miss Hunter greatly oversimplified her answer. It is true that she 
did expect the pupils to control themselves but that was because she 
had given the pupils a great deal of practice in self-control and she 
knew what she could expect of them. In addition, the trip had been 
very carefully planned to keep each pupil so busy he had little oppor- 
tunity to do things that would have been undesirable. 

Preparations had been made well in advance. The pupils were in- 
terested in finding out what kinds of plants and animals live around 
water. They had organized themselves into several groups, one group 
to look for submerged aquatic plants, another group to look for aquatic 
plants growing up into the air, a third group to look for aquatic birds, 
a fourth group to look for amphibians and reptiles, a fifth group to look 
for aquatic insects, and a sixth group to look for aquatic mammals or 
signs of their presence. 

Within each group there was a division of responsibility. One pupil 
carried the special equipment, such as dip nets or field glasses. Another 
pupil carried containers for specimens that might be collected, while a 
third carried a field guide. One pupil took notes and another drew 
sketches for the frieze on aquatic life that had been planned. 

Before making the trip the pupils had examined a map and decided 
where to go and the limits within which to stay. They had worked out 
procedures to be followed on the trip. They had svritten notes asking 
mothers to drive and they had assigned themselves to the several cars. 

The pupils knew how to prepare for a trip in this fashion because 
they had taken many shorter and less elaborate trips. They were fully 
accustomed to taking responsibilities for their own activities during 
field work. They, too, “just expected to behave themselves.” 

Teaching in the field is no more difficult than any other kind of teach- 
ing. Miss Hunter had mastered the techniques and used them so natu- 
rally that she could not understand why anyone was surprised at what 
she did. 

Applying psychology to the planning of field work. The boys and 
girls that a teacher takes on field trips are the same boys and girls 
that a teacher has in the classroom. c5oly the surroundings are differ- 
ent. It is the impact of these new surroundings that causes them to 
react differently. 

Gone are the four walls and the patterns of behavior that were 
established during six or more years within them. Gone are the re- 
flecting surfaces that throw back their own noises and make them con- 
scious of their actions. Gone ate the reverberations that give strength 
and authority to the voice of the teacher. 

Lectures in the field are a practical impossibility unless the teacher 
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a file. The purpose of the trip was to study corrosion of metals. The mag- 
nets enabled the pupils to find pieces of iron, both rusted and unrusted. 
The files enabled them to investigate the metals hidden by corrosion and 
protective coatings. 

The pupils collected samples of the metals to study in the classroom. 
During follow-up work they read about the nature of rust, performed 
experiments on the conditions causing rust, and investigated the types of 
coatings found on other metals. They also read about methods for coating 
steel with various other metals, paints, and enamels. Some carried out ex- 
periments with the processes involved. 

Teachers should remember that the attention span of young people 
is no greater in the field than in the classroom and that there are many 
more distracting influences. Pupils should not be held to one type of 
activity for long intervals. There should be considerable variety in 
types of activities carried out 




£*-■■-11 




Field studij problems may be assigned to groups providing each vupil in 

th7Zmae’r rj""/ ■ a” and di^ holes for the 

L7r„/JV/Jr ridings, a third 

on the same problem, or may nn/mateZrSS oJ'S^ simultaneously 

Miss Gibbon’s biology pupils were determining soil temperatures in a num- 
ber of different places-m bare, packed soU, in luxuriant clover-bluegrass 
associations, in a poorly fertilized lawn, under a tree, and on the north 
Side of a bmldmg. They worked in pairs, one digging a hole for the ther- 
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Before taking her biology class to visit a local bakery Miss Brown gave her 
pupils an understanding of the way bread can be prepared in the home. For 
laboratory work the pupils prepared dough with and without baking 
powder so they could see the leavening effect of the gas produced. By 
putting the dough in glass jars they could see the bubbles being formed 
in the dough. 

Several girls volunteered to bake biscuits at home, using dough with and 
without baking powder so that the final effect of leavening could be studied. 
Two pupils prepared a demonstration that showed the evolution of carbon 
dioxide from yeast in a sugar solution. Miss Brown prepared a yeast dough 
which she let rise for a few hours before class in order that the pupils could 
see the effect of the yeast. Then she kneaded the bread and explained why 
this was done. All pupils had an opportunity to view a yeast suspension 
under a microscope. 

These experiences enabled the pupib to prepare a list of questions on the 
problems of large scale bread making. The questions were duplicated and 
were used to guide their observations at the bakery. 

It is often helpful to prepare work sheets for the pupils to fill in 
while visiting an industrial plant. In addition to guiding observations, 
they give the pupils something to do with their hands. Work sheets may 
contain sentences with blanks to be filled in, questions to be answered, 
tables to fill in, or spaces for sketches, diagrams or maps. These sheets 
may be prepared by the teacher or by the pupils themselves. More time 
for preparation must be allotted in the latter case but the time is 
generally well spent. 

Below are the questions from a work sheet used by an eighth grade 
science class when visiting the pumping plant of the city water supply. 

The sheet was prepared by the teacher. 

1. What is the source of Cortland's water supply? 

2. What type of pumps are used? 

3. What kinds of motors operate the pumps? 

4. Why isn’t the water filtered? 

5. Why is chlorine added to the water? 

6. How does the chlorine look as it is added? 

7. How is the chlorine brought to Cortland? 

8. How is the proper amount of chlorine measured? 

9. How does the operator know how much water is being used? 

10. How much water does Cortland use every day? 

11. At what times of d.ny is the most water used? 

12. How much water might be used for nutting out a large fire? 

13. How much water do the storage tanks on Prospect Terrace hold.-' 

14 What would happen if the main pump should break down? 

is! What would happen if the electrical supply to the pumping station 
were cut off? 
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163. Each of her groups acted independently of the others because 
each had its own problem. Within the group there were individuals 
with particular responsibilities. In group work of this type there may 
be a chairman from each group who makes liaison with the teacher 
and who directs the others in his group. There may be secretaries, 
artists, collectors, and librarians. 

The pupils in a class may not be ready for highly organized field 
work that involves much individual responsibility. They need prac- 
tice with short trips and limited responsibilities first. 

Trips to collect specimens are generally easy to conduct. Pupils need 
to know specifically what they are to collect, any special techniques 
needed for collection, the limits of the area in which they are to work, 
and the time limits that are set. 

Mrs. Baijles arranged a fossil hunting trip to a nearby quarry for her earth 
science class. The pupils were divided in pairs but each person had a cloth 
bag for his own specimens. One hammer was provided for each two pairs 
of pupils. 

Mrs. Bayles listed on the blackboard the names of the major groups 
of fossils commonly found in the quarry. She also showed some of 
her own specimens collected in previous years. She gave the pupils 
references to the fossils in their textbooks so they could look up their 
specimens themselves. 

At the quarry the pupils immediately scattered and began searching 
through the loose rocks. Mrs. Bayles began hunting too hut was soon 
forced to give her time to pupils who discovered specimens that puzzled 
them or that seemed especially interesting. Within twenty-five minutes 
most of the pupils were satisfied with their collections and willingly returned 
to school. A few, however, planned to return after school and continue 
their search for unusual specimens. 

Visits to industries and other large scale operations are apt to involve 
serious problems. Rarely are the pupils permitted to operate devices 
or manipulate materials or make collections. Commonly, they must 
go single file past machines, and thus become separated from the 
leader by a distance that makes control difficult. Pupils are often at 
such a distance from the leader that they cannot hear him tell about 
machines or processes. Sometimes there is so much noise that only a 
few of the closest pupils can grasp the leader’s words. When the 
leader is not accustomed to working with young people, he may use 
technical language that handicaps them in understanding what he is 
talking about. 

Careful preparations help make such visitations more effective. 
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have planned to take certain notes or make certain sketches for use in 
class at a later time. 

Mr. Sninncy’s ninth grade science class planned to construct miniature 
dioramas shotting the habitats of animals in which they were interested. To 
get ideas for their projects and to check on the accuracy of the toork already 
started, the class visited the city museum to view some of the superior 
dioramas of the major habitats of the state— plains, foothills, high mountains, 
deserts, and irrigated fields. The pupils made notes and sketches to help 
them after they returned to the classroom. 

The teacher's role during field work. The account of Miss Hunter’s 
field trip as given at the beginning of this section illustrates the 
proper role of a teacher during field work. Miss Hunter served as a 
consultant for the pupils as they brought in their materials. She did no 
lecturing. She did not interrupt the work of the pupils with loud 
voiced comments or last-minute directions. 

If a teacher can be free of instructional responsibilities during field 
work he may watch his pupils more closely and give specific help and 
encouragement when needed. He is able to provide proper recognition 
for pupil achievements. And he can sense general progress, so that he 
will be prepared to bring the field work to a close at the optimum time. 
Personal enthusiasm for field work is a great asset to a teacher. If 
he can greet unusual finds or accomplishments with expressions of 
strong interest, pupils are stimulated to continue their efforts. Often 
a teacher needs to work along with the pupils, displaying by his own 
example how interesting the work is. 

Generally a teacher should not interrupt the work of the pupils. 
Occasionally, however, something unusual arises and justifies an in- 
terruption. 

A seventh grade class was making a study of the blooming habits of dande- 
lions on a park lawn, measuring lengths of stems and marking specimens 
to be measured on succeeding days. As they worked, a flock of grackles 
in a spruce tree became very noisy. 

“If those were crows I would say that they had discovered an owl in 
that tree," the teacher said to a couple of pupils near him. 

“May we go look?"' they begged. 

“Why, I guess so,” the teacher told them. 

A moment later they shouted, “Theres an owl up here. Come quick!” 
The teacher motioned them to be quiet and, calling the pupils together, 
led them as inconspicuously as possible to the tree. There on a limb sat a 
barn owl, less concerned about the pupils than with the grackles who 
pestered him until he flew away. 
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16. What would happen if the water supply began to dry up? 

17 What would happen in case of a large fire? 

18. How long would Cortland have water if the pumping station were 
destroyed? 

“Flow diagrams” are helpful in keeping in mind the sequence of 
operations in a complex industry. Pupils need advance instruction in 
the meaning of the symbols. Figure 9 shows a flow diagram prepared 
by the teacher of a chemistry class for its visit to a wire products 
manufacturing plant. 



FIGURE 9. Flow diagram of wire products factory. 


Museum visitation may require less advance preparation than a trip 
to industrial plants. Museums are set up as educational institutions 
with the nature of pupils in mind. Most modern museums provide op- 
portunities for boys and girls to manipulate things, to operate devices, 
and to observe things that move or change in some way. Special at- 
tention is given to the language on labels and to the types of problems 
set up. Many museums also provide specially trained guides for 
school groups. 

Nonetheless, certain preparations make museum visits more mean- 
ingful. Pupils should certainly have a well defined objective for their 
visit, preferably a problem that they want to solve. They may also 
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Sometimes problems raised during one field trip are best answered 
by a second trip. 

After a ninth grade science class had visited an ice cream plant, the pupils 
raised a great number of questions. “Was the vwthod tised for pasteurizing 
the milk the same as was used for their bottled milk?'’ “How was the 
butterfat content measured?” “How was the cream used removed from the 
milk?” “What is hotnogenized milfcp” The teacher believed these questions 
could best be answered bij arranging for another trip, this time to a milk 
processing plant where bottled milk was produced for table use. 


BROADENING THE OPPORTUNITIES FOR FIELD EXPERIENCES 


Although there may be numerous possibilities for field work within a 
short distance of the school, there may not be enough time to take ad- 
vantage of them, or there may be some of special value to certain 
pupils but not to others. Some may exist beyond practical travel 
for a class. And occasionally a teacher wishes that certain possibilities 
existed where they do not. Solutions have been found to all these 
problems. 

Optional field trips. Enthusiastic teachers may arrange optional trips 
for their science pupils. 


On the average of once a month, Mr. Kendall invited his general science 
pupils to go with him on Saturday morning hikes. There was no special 
objective for the hikes. They might lead to a pond, a stream, a woodland, 
a field, or a swamp, fust to “see what was going on.” Only a small number 
of pupils took advantage of the opportunity, perhaps a dozen or eac i 
time, depending upon the weather, but their enthusiasm was high and 
Stimulating to other pupils. 


Night trips appeal strongly to young people, possibly because of the 
excitLent of going out after dark and partly because young people 
like to get away from home into the company of their peers. 

Each spring Miss Barber took her saoenth grfe soience pupik on ay eeper 

hunt" to cltch some of the tiny tree frogs that enliven 

the noHheastern states during the months of March dmlAprd r/m pnpdr 

were asked to come dressed in warm cl fung and 

flashlight and a glass 

where the pupils were to begin tlie ntim i r / 
hack to the classroom for study. 


Astronomy “hikes” are popular, 
central location from which they 


The pupils are asked to meet at a 
w'alk to an open place where street 
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The pupils returned to their work, possibly less enthusiastic about dande- 
lions but enriched by the experience. 

There are occasions when it is justifiable to change the purpose of 
a trip. Not infrequently, some temporary condition arises, something 
that can be utilized at the moment but which cannot be seen again. 

Mr. Butter was taking his biology class to compare the vegetation in a 
woodland where cows were pastured with a woodland from which cows 
were excluded. He stopped at a farm to explain that he was going into the 
woodland, having requested permission previously. He learned that at that 
moment a cow was being inseminated artiftcially. He immediately asked 
if his pupils could watch and they stayed until the act was completed. 
Mr. Butter felt that the experience was a valuable one and should be 
utilized. The woodlands, on the other hand, would wait until another day. 

Follow-up activities for field work. The value of field experiences 
is greatly strengthened by providing suitable follow-up activities. 
Pupils need opportunities to sum up and organize their learnings. Oral 
and written discussions, so often \ised, have some value, but various 
types of project work leave more tasting impressions. 

A general science class visited the municipal water supply system, After 
their return the pupils constructed a large working model of the system. 

In addition to models, pupils may make charts, friezes, posters. 
They may prepare exhibits of materials collected. They may organize 
bulletin board displays of pertinent pictures. Sometimes they can 
dramatize conditions seen during the trip. 

Most field observations give rise to numbers of problems. Some of 
these problems can be answered by follow-up e.xperiments. 

A trip to a swift stream showed seventh grade pupils a gorge dug in bed 
rock and, farther downstream, deposits of rounded pebbles. After returning 
to the classroom, the pupils experimented with the erosional forces of 
moving water. They put freshly broken fragments of soft rock in glass jars 
of water. They then shook their jars vigorously for a hundred times. The 
fragments now showed slightly rounded edges, the water in the jars was 
clouded with sediment, and the jars showed scratches on their inner surfaces. 

Other problems may be solved by reference to books, magazine 
articles, or other authorities. 

A chemistry class visited a bottling plant to see how water is carbonated for 
soda pop. The pupils wondered how the carbon dioxide in the pressure 
cylinders was obtained. As part of their assignment', the teacher asked them 
to read about the commercial production of carbon dioxide. 
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Mrs. Dale knew of a man who raiseil orchids as a hobby. She suggested 
that two pupils might visit the man and report back to the biology class on 
his activities. June and Sylvia volunteered. 

The girls found the visit very interesting. The man was experimenting 
with raising his own plants from seeds. He not only told them about orchids 
in general but was able to demonstrate the problems of germinating the 
tiny seeds. 

After the visit the girls made an excellent report to the class. They were 
able to illustrate their report with pictures from catalogs, with two blooms, 
and with some samples of seeds and seedlings that were given them. 

Young people commonly engage in such activities as hiking and 
camping with scout groups, picnics with parents or clubs, and hunting 
and fishing. Teachers can make suggestions for things to do during 
these activities and thus enrich the science backgrounds of the boys 
and girls engaged. 

Henry and Charlie were probably the most avid fishermen in the school. 
They went out at every available opportunity. Mr. Medhursi asked the 
boys to keep track of some great blue herons that were beginning to nest in 
a swamp where the boys <^ten fished. The hoys kept good records of the 
progress of the colony for several years. 

Parents may help pupils with their field work, particularly in provid- 
ing transportation to places beyond walking distance. 

Mr. Dunlop discovered a newly opened road cut where an anticline and a 
fault were plainly visible. Along the fault plane were rock fragments 
hearing slickensides, veins of calcite, and crystals of both yuartz and calcite. 
Mr. Dunlop told the pupils about his discovery and gave precise directions 
for reaching it. Over the weekend more than a quarter of his earth science 
class had persuaded their parents to taken them to the site. 

Recognition for voluntary field work. Pupils need recognition for the 
field problems they undertake after school hours. One way to give such 
recognition is to provide opportunities for them to report on their 
activities. 

Mr. Jenning set aside the beginning of his general science classes each 
Tuesday morning for “scouf reports. At this time pupils could tell about 
their obseroations during the preceding week, particularly those made 
over the weekend. Most of these reports dealt with observations of plants 
and animals. 
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liElits do not interfere with star finding. The pupils are cautioned about 
dressing warmly. They may bring flashlights, “tin can planetanums, 
and other devices to help in finding the stars and constellations. 

Parents often enjoy participaHng in optional field trips and will drive 
if transportation is needed. 

Mr Davenport arranged a series of Saturday morning trips for his junior 
high school science pupils. Paret\ts were invited and some of them pro- 
vided the transportation. Trips were taken to a ledge rich with fossils, a 
museum shomng the development of the local salt industry, a beaver dam, 
a fish hatchery, and a foundry. Parents said they enjoyed the trips as much 
as their children. 

Voluntary field work. Pupils voluntarily undertake field problems that 
specially interest them, spending long hours in field work outside of 
school hours. Sometimes these problems are suggested by teachers as 
optional assignments; sometimes the problems grow out of work 
done in class. 

Miss Jones took her eighth grade science classes on field trips to an open 
field where they collected wild /letters. Rcfttming to the classroom she 
showed the pupils how to press and mount the specimens. Within a few 
days a large number of her pupils had taken independent trips to gather 
additional specimens for their collections. 

A teacher may ask pupils to investigate devices within their own 
homes. This is a form of field work. 

Mr. Frier’s science classes were studying home heating systems. He asked 
each pupil to investigate the heating system in his own home, making 
diagrams and writing up a report for his notebook. 

Pupils can also be asked to make visits to places where they may 
study material being taken up in class. Care should be taken not to 
send them to places where there is danger. 

Mr. Tremont wanted his ninth grade science class to see an automobile 
motor block so they would know what cylinders, pistons and valves are 
like, but he had no motor block available in the school However, a large 
general merchandizing store had motor blocks for sale. Mr. Tremont asked 
each pupil in his class to visit the store and look at the displays. 

Pupils generally like to work together on out-of-school projects. If 
teachers suggest a number of practical problems, pupils often under- 
take them eagerly. 
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trips and out of their own special interests, the members become engaged 
in individual research projects which they write up and present at the club 
meetings or to scientific organizations if possible.* 

School gardens. School gardening has been an established part of the 
elementary school program in a number of cities since early in the 
century. In some instances special supervisors are employed to give 
continuity to the program through the summer months. 

The school garden is an equally good laboratory for the secondary 
school sciences. Many important problems that do not lend themselves 
to indoor study can be investigated in a garden. The garden also in- 
stigates probfems that can be worked on through the winter months 
and projects that individual pupils may carry out through the summer 
vacation. 

Any part of the school grounds may be utilized as a school garden 
if it does not interfere with other activities. 


Mr, Tillman was a general science teacher in a new school that had just 
been landscaped. He asked for permission to use the space between the 
newly planted shrubbery for some special studies. During the fall his 
pupils planted several kinds of bulbs and watched their development the 
next spring. The pupils learned about the dormancy of bulbs, the reactions 
of flowers to temperature and sunlight, and the methods of pollination. 

The major problem in school gardening is the care of the gardens 
during the summer months. Where there is a special supervisor, such 
care is assured. In other situations, a custodian may be given the re- 
sponsibility for the plot. Privately owned gardens, from which sections 
are loaned for experimentation, receive the needed care by their 
owners. 


Mr. Miller uses portions of privately owned gardens for his laboratories. 
Problems that pupils have worked on include: (1) haw to replace Kentucky 
bluegrass with Winter Rye; (2) how to irrigate a small garden properly; 
(3) how to start a compost pile; {4) how organic matter changes info humus; 
(5) what the life cycle of the common cabbage butterfly is; (6) what 
effects various gardening techniques have on the growth of mustard plants.’^ 

Wildlife laboratories. One penalty paid for suburbanization is the loss 
of natural areas where boys and girls can become acquainted with 
native plants and animals. All the movies, television programs, ex- 
pensive laboratories, city parks, and supervised playgrounds cannot 


* Tliis club is described more fully In diapfcr 22. 

5 Miller, M. C., "The Garden Laboratory,'* The American Biology Teacher, 
November, 1955. 
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It is helpful to provide a table on which pupils can display things 
associated with their field work— specimens collected, experiments, and 
models. These need have no relation to the regular classu’ork. 

A science column in the school newspaper gives pupils opportunities 
to report on their field work, and thus to gain recognition from other 
pupils outside their science classes. One teacher sponsored a weekly 
mimeographed bulletin titled "Nature Notes” to publicize the field 
work of her junior high school science classes. One science club gave a 
fifteen-minute radio program on field observations each week. 

Sponsors for field activities. Many people with no direct connections 
to secondary schools can provide rich field experiences for young 
people. Some of these laymen work in scouting and are trained in help- 
ing adolescents. Most laymen, however, lack such training and have 
only their own enthusiasm to depend upon. They work best with boys 
and girls who also have strong interests. 

In many communities there are bird study groups that meet regu- 
larly for early morning bird hikes and for exchange of field notes. The 
leaders of these groups are happy to add interested young people to 
their numbers. 

Camera clubs often enroll young people. Of course it is necessary 
that these young people be financially able to bear the expenses in- 
volved in photography. Amateur astronomers commonly put them- 
selves and their equipment at the service of teachers. When they find 
interested young people they often extend invitations for continued 
work and they sometimes help these young people build their o%vn 
telescopes. 

Local industries are opening their doors more and more often on 
Lets Get Acquainted” days. Sometimes the general public is invited, 
sometimes only the families of workers are invited. Science teachers 
should encourage pupils to take advantage of these opportunities. 

Science clubs and field experiences. Science clubs commonly include 
field trips in their programs. 

Mr. Deckers science club plans four or five major trips a year. Some of 
the trips are taken during the regular meeting time and run over into the 
hours after school. Some are taken on Saturday. The administration allows 
the club to take one full day a year from classes and provides a bus for 
transportation. 

A science club may devote its entire program to field work. 

The Wyandotte High School Field Club sponsors seven yearly field trips, 
some one day tn length and some lasting through the weekend. Out of these 
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teacher, has been responsible for the project from the beginning. Trees 
have been planted, erosion control measures have been adopted, and a 
pond has been constructed. Mr. Anderson has a science club that has been 
responsible for many of the improvements. 



The learnings that are possible in a field situation cannot be duplicated in 
the classroom. They cut across traditional boundaries and have an impact 
far greater than the learnings gained from books and films. These pupils are 
studying woodlot management on a farm acquired by a school system as a 
conservation and biology laboratory. 


City parks are often large enough to contain a few acres of natural 
area, but park authorities usually think in terms of neatly clipped 
lawns and ornamental plants. Sometimes, however, they can be con- 
vinced that natural areas are needed. 


An estate was willed to the city of Brookline, Massachusetts, to be used as 
a park. About five acres of this tract, containing two ponds, was excellently 
suited for an outdoor laboratory. Mr. Keene, of the Brookline Htgh School, 
and chairman of the ‘‘Natural Areas for School Grounds in Massachusetts 
sponsored by Nature Conservancy, tried to get the park authorities to sc 
aside the plot for school use. , 

“Working alone for the establishment of the Conseroatwn Confer ri.d 
not prove very successful,- he says. “This was something new for 
I was pioneering and the road tons rough at first. I enlisted J , 

Carden Clubs. These ladies saw the value of natural areas for onrlV^n 
giru. Finally, after much hard work on the part of many, the Park Boara 
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compensate for the loss. Science teachers, if for no more than selfish 
reasons, should he among those most vigorously active in trying to pre- 
serve or to restore natural areas near their schools. 

Sometimes a school district already owns the land that can be used 
if teachers will press actively for it. 

The West Lajaijette, Indiana, Schools owned about three acres of unde- 
veloped land in a residential area. The land had become Uttered with trash 
and was an eijesore to the community. Undoubtedly pressures would have 
been exerted upon the school board to clean it up and convert it into lawn 
or playground. But Mr. Bush, the biology teacher, and Mr. Ployd, the super- 
intendent, could see reasons for developing the area as a natural outdoor 
science laboratory. 

Mr. Bush initiated a number of class projects designed to make the area 
xtseful. First the pupils cleaned up the trash. Then they planted native 
trees and shrubs and started wild flower gardens. They put up signs iden- 
tifying interesting features. They built bird houses, bird feeders, and pro- 
vided suitable types of cover for concealment. They began a number of 
soil conservation practices.® 

When school systems acquire land for buildings and grounds, some 
parts are often excellently suited for nature areas if they can be pre- 
served before bulldozers begin to operate. Again, science teachers 
must be alert to the possibilities. 

Miss Larsen persuaded the trustees of the Carmel, California, High School 
to set aside two and a half acres of land for science work. Among the prob- 
lems undertaken in this outdoor laboratory have been: (I) the nature of 
soils and the effect of weather on them; (2) rates of plant growth; (3) kinds 
of plants and animals living on the tract; {4) location of examples of inter- 
dependence; (5) the prevention of gulley erosion. 

From the first there has been much individual project work on the plot. 
Bill chose to study the rate of growth of Monterey Pine seedlings. Francis 
made a study of the nesting habits of the wood rat. Melinda began a plant 
collection for the use of future classes, Susan prepared soil profile charts. 
Tam and Melinda studied the habits of some of the birds.'^ 

Sometimes the school district is willing to acquire land solely for 
the purpose of outdoor laboratories. 

The Norwich, N. Y., school board purchased an abandoned farm as a science 
and conservation laboratory. Mr. Anderson, general science and biology 

•' Floyd, William and Bush, Kenneth, “School Homesteading— Viewpoint of 
the Biology Teacher,” The Amencan Biology Teacher, May, 1956. 

1 Larsen, E. A., “OpportHniUes for Exploration and Discovery,” The Amer- 
ican Biology Teacher, December, 1955. 
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PROGRAM OF THE ST. CLAIR HIGH SCHOOL SCIENCE CAN\P 


4:45 AM The group leoders were owokened. 

5:00 Groups having bird observations svere aroused. 

6:00 The other half of the comp was awoLened for detail and 
breakfast preparation. These groups alternated their ac- 
tivities each morning. 

7:00 The bird observation groups returned ond breakfast was 
served. 

7:30 General clean-op for the doty half of the carnp. (Bird ob- 
servation groups had this time free for persono) cnri'.) 

8:00 The groups mustered ot the bus looding area to begin the 
day's activities. 

The soils group, upon arriving at their area, experienced probtein* 
in soil management, erosion, bonk control, etc. The forestry unit was 
concerned with types and uses of trees, growing and plonting of them, 
in an actual work situation. The wildlife group combined both the 
practices of game management and the proper method of hondling 
firearms and conduct In seorch of gome. The nofure study o^®*^Pr 
using the general camp area, was able to study the topography from 
lake shoreline to open fields. They were able to make comparisons of 
plants and animals within these areas. This group, because of the lack 
of transportation time, was able to return to comp and sot up for 
the next meal preparation. 


12:00 N 

Lunch 

12:30 PM 

Work details 

1:00 

Back to work areas 

5:00 

Supper 

5:30 

Half the groups were on bird observations and flto ollieri 
were on camp detoilj. 

6:00 

The work details mustered for a lecture on camping, par- 
ticulorly survival camping. 

6:30 

All returned to the orea for recreation, such at volley ball, 
swimming, capture the flog, etc. Parentf helped tuporvho. 

8:00 

All gathered on the beach for a bonfire, songs and a gen- 
eral good time. 

9:00 

Back to the tents. Group leaders mot. 

9:30 

Lights out. 
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granted the use of this five-acre plot as a Plant and Wildlife Conservation 
center.” ^ 

School camping. One interesting development in modern education is 
school camping. It is a movement in which science teachers can find 
the answers to many problems. In camping programs, boys and girls 
encounter at first hand situations they merely talk about in school and 
rarely encounter in everyday life. Tlie problems of fire building and 
elementary sanitation and nutrition become real rather than academib 
problems. Young people develop the backgrounds of experience so 
necessary for much of what they read about and study in secondary 
school science. 

School camping programs range from day camps to two-week experi- 
ences far from home. Sometimes trips are taken on weekends and 
holidays only, sometimes the program is given during the summer 
vacation; occasionally camping becomes part of the regular curriculum. 

More and more schools are buying property specifically for their 
camps. Others are renting or leasing land. Many schools make use of 
public lands in state and national parks. 

Few school camping programs are set up specifically to teach sci- 
ence, nor do they need to be. Experiences gained in camp are largelb 
basic science experiences no mailer how the program is designed. 
There is the chemistry of fire-building, the mechanics of rowing a boat, 
the natural history of the organisms encountered, the geology of stream 
and wave action. 

However, many opportunities for science experiences are neglected 
in school camps that are operated solely by physical education and 
recreation staff members. Science teachers have not always shown the 
interest in school camping that they might. When they take the initia- 
tive some very fine programs have resulted. 

Mr. Dawson of the St. Clair High School in Michigan sponsors a science 
camping program. He takes as many as 55 boys and girls to public lands 
where they live in tents, do much of their o«m work about camp, and engage 
in on intensive study of natural science. 

The program of the camp is givat on page 181. Speaking of the outcomes 
of the program, Mr. Dawson says, “Each individual had some unique ex- 
perience and atvakening that was strictly his own . . .Almost without reserva- 
tion it can be said that each individual progressed in some way. In some it 
was greater, but even the student who just took part was making great 
strides.” ® 


* Keene, I. C.. "Establishing a Plant and Wildlife Area in a City,” The 
American Biotogy Teacher. February, 1957. 

rSerApril^'igS^^™”^ The American Biology 
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chapter 3 


There are times when first- 


cnupmr | mere are iimes wiicii mai- 

hand experiences cannot be provided for pupils. An earth science class 
cannot be taken to Greenland to see an ice sheet. A biology student 
cannot sit patiently watching a bud while it opens. A physics student 
cannot see what goes on inside a vacuum tube. It is then that a teacher 
must use substitutes for reality— photographs, drawings, models, 
recordings. 

Most of these substitutes make use of the pupils' vision; a few depend 
upon the sense of hearing. In consequence, the term "audio-visual 
aids” has been coined. The term is not a good one because these 
same senses are involved in all good learning situations and the term 
can be applied to all apparatus used in experiments and all materials 
studied in the field. However, in this chapter common usage will be 
accepted and “audio-visual aids” will refer only to those devices used 
to provide substitutes for firsthand experiences. 


CHARACTERISTICS OF AUDIO-VISUAL AIDS 

For convenience in discussion, audio-visual aids 
under four headings: (1) photographs and repro uc ° P 
graphs. (2) paintings and drawings, and reproduct, ons of tl.csc. 
models, and (4) recordings. 

The contributions of oodio-visuol aids. Eacli of the 
audio-visual aids rrrakes its orvn contribut.on to the educ.t.onal pro 
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Suggested activities 

1. Visit a typical secondary school and make a list of the field ex- 
periences that are possible in and near the school building. 

2. Go with a science class on a field trip. Make notes on the actions 
of the pupils. Try to analy 2 e the reasons for their behavior. 

3. Take a group of pupils on a short field trip. During planning, 
make certain that each pupil has meaningful activities to keep him 
busy. If this cannot be done with a group of high school pupils, con- 
duct the field trip with members of your methods class. 

4. Make plans for an extended field study in which pupils work in 
groups of four or five. Make sure that each pupil in each group has 
meaningful activities to busy him at all times. 

5. Go through a standard textbook in each of the major areas of 
science. Suggest one or more practical field experiences to enrich each 
chapter or unit of the textbook. 


Suggested readings 

Busch, Phyllis B., “I Am Prejudiced,” The American Biology Teacher, 
January, 1957. 

Dale, Eagar, Audio-Visual Methods in Teaching, Dryden Press, New 
York, 1954. 

Dawson, J. R., “Learning from the Outdoors,” The American Biology 
Teacher, April, 1957. 

Harvey, Helen W., "An Experimental Study of the Effect of Field Trips 
Upon the Development of Scientific Attitudes in a Ninth Grade Gen- 
eral Science Class,” Science Education, December, 1951. 

Heiss, E. D., Oboum, E. S, and Hoffman. E. W., Modern Science 
Teaching, Macmillan, New York, 1950. 

Keene, I. C., “Establishing a Plant and Wildlife Area in a City,” The 
American Biology Teacher, February, 1957, 

Larsen, E. A., Opportunities for Exploration and Discovery,” The 
American Biology Teacher, DecembCT, 1955. 

Miner, David F., and Blaydes, Glenn W., Methods and Materials jot 
Teaching Biological Sciences, McGraw-Hill, New York, 1938. 

Miller M. C., “The Garden Laboratory,” The American Biology 
Teacher, November, 1955. 

Pitluga, G. E., Science Eicurrions Into the Community, Bureau of 
‘“““Cations, Teachers College, Columbia University, New York, 

Science Education in American Schools, Forty-sixth Yearbook of the 
National Society for the Study of Education, Part I, University of 
Chicago Press, Chicago, 1947. 
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chapter 8 I I here are times when first- 
hand experiences cannot be provided for pupils. An earth science class 
cannot be taken to Greenland to see an ice sheet. A biology student 
cannot sit patiently watching a bud while it opens. A physics student 
cannot see what goes on inside a vacuum tube. It is then that a teacher 
must use substitutes for reality— photographs, drawings, models, 
recordings. 

Most of these substitutes make use of the pupils* vision; a few depend 
upon the sense of hearing. In consequence, the term “audio-visual 
aids” has been coined. The term is not a good one because these 
same senses are involved in all good learning situations and the term 
can be applied to all apparatus used in experiments and all materials 
studied in the field. However, in this chapter common usage will be 
accepted and “audio-visual aids” will refer only to those devices used 
to provide substitutes for firsthand experiences. 


CHARACTERISTICS OF AUDIO-VISUAL AIDS 

For convenience in discussion, audio-visual aids arc generally grouped 
under four headings: (1) photographs an(i reproductions of plioto- 
graphs, (2) paintings and drawings, and reproductions of these, (3) 
models, and (4) recordings. 

The contributions of aodio-visool aids. Each of llic four typt*s of 
audio-visual aids makes its own contribution to the editcalional proc- 
]83 



Through visual aids pupils can become acquainted with things of the past 
and things in far distant places. Dioramas are often used to present three’ 
dimensional reconstructions of historical settings. This diorama was made 
with purchased models of dinosaurs. Pupils matj make their own models from 
clay, papier mdchd, or plaster. 

ess. Sometimes, when two or more types can be brought to bear on 
the same topic, their strengths are pooled and their limitations are 
minimized. Following is a discussion of the situations in which audio- 
visual aids may be employed proGtably. 

1. To present exotic material. Chiefly through photography, but to 
a limited extent through paintings and dioramas, pupils can be given 
understandings about science materials in distant places. Some sound 
Elms and recordings also help enrich the experience background of 
pupils. 

2. To present historic material. Since the introduction of photog- 
raphy there have become available a wealth of authentic photographic 
records of important events, places and people. Most of these are in 
the form of still photographs but there are increasing numbers of films. 

To provide information about events and people prior to the inven- 
tion of photography there are reproductions of contemporary paintings 
and drawings. There ate also modem paintings and drawings that re- 
construct conditions and events of the past. Museums sometimes con- 
tain reconstructions as dioramas. 

The library of tape recordings and records of the sounds of historical 
events is growing. Some are available today and many more will be 
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available in the future. Teachers may make tape recordings of radio 
reports and thus build up their own libraries. 

3. To present information about inaccessible places. It is often im- 
possible to visit local industries and other prohibited places in the 
region. In such instances photographs and films are the only means 
possible for giving pupils information visually. 

4. To give a "bird’s-eye" view, \fany machines, industries and 
topographic features are too large to be grasped from the usual view- 
point. Aerial photographs are useful in showing the relation of parts 
or features to each other. Scale models have the advantage of includ- 
ing a third dimension. Both scale models and working models show the 
relation of the component parts of large machines. 

5. To summarize a series of observations. After a field trip to an 
industry, a suitable film presents a quick summary of things seen on 
the trip. Flow diagrams and bulletin board displays of relevant pic- 
tures serve the same purpose. 

6. To present in/ormafion about microscopic materials. There are 
many materials which pupils cannot prepare for examination through 
a microscope. Photographs and projected slides are useful for pre- 
senting information about these materials. Films can be used to show 
the behavior of microorganisms that are difficult to obtain. Large scale 
models are especially valuable to give pupils a concept of the third 
dimension that is lacking when viewing objects through high power 
microscopes. 

7. To amplify sounds. Faint sounds such as heart beats can be 
picked up with a stethoscope and amplified with a radio amplifier so 
that an entire class may hear them. There are also recordings of am- 
plified sounds available. 

8. To acquaint pupils with elusive oi^atdsms. Few pupils have ever 
seen a mole or a shrew, common though these animals are. Photog- 
raphy makes it possible to acquaint pupils with these and other ifttle- 
seen organisms. Recordings of the calls of frogs, insects and song 
birds help pupils associate commonly heard sounds with the rarely 
seen animals that make them. 

9. To present things usualUj seen by inadequate light. Bats are 
often seen but are seen too indistinctly for the observer to comprehend 
their details. Flash photography has done much to acquaint people 
with nocturnal creatures. 

10. To acquaint pupils with infrequent phenomena. Such phe- 
nomena as rainbo>vs are rarely seen at the time a teacher wishes to 
deal with them in class. Photographs and paintings recall the past e.x- 
periences of pupils and give opportunities for study of formerly un- 
noticed details. 
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11. To acqmint popih vlUh Jangcrolis conditions. An erosion of 
gasoline fumes is not a suitable large scale demonstration for science 
classes, but a Blm of such an explosion can be used effectively. 

12. To acquaint pupils with materials that arc difficult to Keep. 
Many desirable teaching materials cannot be kept in satisfactory con- 
dition long enough to justify their cost. Organs from the human body, 
for instance, are expensive to buy and difficult to keep. Colored photo- 
graphs are often to be preferred to “pickled” specimens. Better yet are 
full-scale models. 

13. To help pupils make comparisons. Two or more sequential pho- 
tographs permit comparisons of changes that might othei^vise go un- 
noticed. Still pictures permit more detailed comparisons than do 
films. Recordings permit comparisons of sounds that ordinarily might 
not be heard together. 

14. To speed up gradual changes. ‘Time-lapse” moving pictures 
make such normally slow changes as the growth of a seedling seem to 
occur very rapidly. Thus changes not usually noticed become obvious. 

15. To slow down action. The wing motion of a humming bird is 
too rapid for the eye to analyze. By the use of “slow motion” moving 
pictures it is possible to study the movements of the wing and even the 
behavior of individual feathers. 

16. To stop action. The development of electronic flash has made 
it possible to take pictures with an exceedingly short exposure. These 
pictures can be used to analyze conditions that last for no more than 
a few thousandths of a second; for example, the distortion of a tennis 
ball when it strikes the floor. 

17. To show the action of devices not easihj studied. Working 
models arc useful for showing how machines operate, indicating the 
basic parts, often simplified, and their action. When complex machines 
ate UusUed, a series of models, eacb ittustrating a portion oi the total 
organization, helps to clarify understandings. 

18. To s/jou; the interior of things normally enclosed. Cut-away 
tlra^s'ings anti phantom drawings are excellent for showing the relation- 
ship of interior structures. Sectional drawings are useful for those who 
know how to interpret them. A series of photographs or drawings 
made while an object is being constructed or taken apart may give 
desirable concepts. Animated drawings, either sectional or in phan- 
tom view, give the relationship of moving parts. 

Cut-away models and dissecUble models are often to be preferred to 
pictures because they give a concept of the third dimension. Phantom 
models h.aving exterior coverings made of transparent plastic are ex- 
pensive but are finding increasing use. 
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Limitations of audio-visual aids. The chief limitation of audio-visual 
aids is their lack of reality. Pupils are faced with the problem of inter- 
preting-producing images representing actual conditions. A pupil 
who has seen an apple undoubtedly interprets correctly the photo- 
graph of an apple. But the pupil who has never seen stylolites might 
have considerable difficulty in realizing whac a picture of these struc- 
tures represents. 



Models sive a concept of the third dimension. This working model of a 
gasoline%ngine is typical of the many pieces of demonstration apparatus 
that the teacher or his pupils may prepare from simple materials. 

The science teacher often forgets that his specM background makes 
it possible tor him to interpret audio-visual aids m a way that h. 
pupils cannot do. For instance, he may grasp qujckly the nie“nmg 
a cross-section diagram of an aneroid bammeter but to h.s pupils the 
diagram may be no more than a set of mes. 

Photographs and drawings have tryo dimensions, but 'I ey must be 
interpreted in three dimensions. When they represent familiar 
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jects pupils have no trouble adding the third dimension. If they have 
never seen the object represented they may not be able to see more 
than two dimensions. 

Diagrams are much more difiBcult to interpret. So much detail has 
been eliminated from a diagram that it ceases to resemble anything 
real, save as the mind is able to supply the missing portions. Cross- 
sectional diagrams are particularly difficult for many pupils to interpret. 

All images produced from audio-visual aids are necessarily incom- 
plete. Two senses alone are involved and these may give distorted 
impressions. Lacking is the fusion of all the impressions gained by all 
the senses. 

Audio-visual aids tend to give distorted images. Pictures may give 
no clue as to size: pupils seeing equal sized photographs of a cat, a cow 
and an otter would probably recognize the relative sizes of the cat 
and the cow but might think of the otter as being as large as the cow 
if there were nothing in the picture with which to make comparisons. 

Photographs are often distorted deliberately for "artistic” effects. 
The camera may be held at an unusual angle, or provided with special 
lenses, or altered to increase the foreshortening. The resulting photo* 
graphs are likely to produce incorrect or confused images in the minds 
of many pupils. 

Photographers distort the information provided by a photograph in 
order to emphasize a point. They blur out the background, provide 
artificial backgrounds, use unusual lighting. Sometimes they deliber- 
ately falsify; propaganda films commonly cut out all scenes giving 
contradictory evidence. 

Models are commonly distorted. Topographic models generally 
have an eight-lo-one distortion, making mountains seem higher and 
steeper than in reality. The distortion in astronomical models is gen- 
erally so great that most people have totally wrong concepts of the 
size of the solar system and the distances between its components. 

Models may give wrong impressions because of the materials of 
w lich they arc made. A model of a human heart, made of rigid papier- 
mache or plaster, does not give at all the image of a mass of muscle- 
flexible, vibrant, pulsating. 

Miniature working models may give wrong impressions because not 
a be reduced accordingly. A miniature landscape being 

eroded by a miniature stream flowing across it does not illustrate large 
scale erosion with any precision. In a small model, the effects of ad- 
liesion, cohesion and surface tension play a considerable role in the 
movement of the water and the particles of soil. In large scale erosion, 
as is seen outdoors with rivers, these same forces are negligible. 
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Sounds can be distorted too. Recording equipment cannot record 
the ful! range of sounds audible to the human ear. Most play-back 
equipment found in public schools is even less faithful in reproduction. 
Lost are the high and low frequency vibrations. In addition, low 
quality amplifiers and speakers overemphasize some frequencies and 
underemphasize others. Intensities must be distorted because very 
loud sounds cannot be recorded or reproduced by most equipment. 
This results in sounds that are perhaps identifiable to the person who 
knows them but that may be confusing to others. 

Devices needed for use with oudio-visuol aids. Although some of the 
audio-visual aids, such as photographs, may be put directly in the 
hands of pupils for study, many of them require special projection 
equipment. All science teachers should master the operation of each 
of the following devices as soon as possible; all are highly useful to 
him and some, such as film projectors and tape recorders, need trained 
hands lest serious damage result. 

1. Bulletin board. This is used for displaying photographs, draw- 
ings, and other flat materials. 

2. Chalk board or blackboard. The teacher uses this most com- 
monly for line drawings. 

3. Charts. These display large line drawings. They may be pur- 
chased or constructed by pupils and teachers. 

4. Opaque projector. This machine makes it possible to project 
an image of photographs and drawings on a screen for class study. 

5. Duplicating machines. Copies of line drawings can be pro- 
duced in quantities by standard office duplicating machines. 

6. Photographic and photostat equipment. This equipment pro- 
duces copies of photographs and fine drawings in quanf/fies. The 
former gives the better quality of reproduction; the latter produces 
copies more rapidly. 

7. Slide and film-strip projectors. These two machines are com- 
monly combined and may project either slides or film strips by slight 
adjustments. With a beaded screen, the room need not be darkened 
but it is well not to have the light intensity too high. 

8. Hand viewers. A single pupil may view slides through one of 
these without disturbing the others in the class. 

9. Stereoscopic viewers. These give the illusion of a third dimen- 
sion to paired photographs. Some are designed for transparencies and 
some for opaque prints. 

10. Moving picture projectors. Most moving picture projectors in 
schools today can also reproduce the sound on the sound track o i ms. 
They may also be used with silent films. 
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11. Tape recordings. Most tape recorders both record sound and 
play back recordings. 

12. Phonographs. Modern phonographs play records at 78 RPM, 
45 RPM, 33 RPM, and 16 RPM and have both large and small needles 
for standard recordings and microgroove recordings. 

Fitting oudio-visual aids into the eorriculum. Despite the claims of 
enthusiasts, audio-visual aids do not call for new methods of teaching 
nor do they call for the elimination of already existing methods. Audio- 
visual aids should fit into the work of the class as a logical, sequential 
step in the learning process. One of the primary aims of the science 
teacher should be the integration of these aids into the over-all instruc- 
tional program so that they are regarded by the pupils as the best pos- 
sible way of learning about the topics under study. 

One of the first considerations is to make certain that an audio- 
visual aid is not replacing a firsthand experience situation unneces- 
sarily. It would be poor teaching indeed were a film on experiments 
with bar magnets to displace the experiments themselves. Audio- 
visual aids may supplement firsthand experiences but should not sub- 
stitute for them save when the latter cannot be provided. 

Another consideration is to make sure that pupils are ready to benefit 
from a specific audio-visual aid. They may not have the background 
needed for interpretation of a chart. They may not understand some of 
the words used in a sound film. They may not recognize the point of 
view from which a photograph is taken. 

As to the type of audio-visual aid to be used, one must be governed by 
the situation. There is no one best type; a film is not necessarily better 
than a film strip, nor a model better than a chart. Sometimes one has 
advantages over the other and vice versa. Because all types have their 
limitations, and none are as good as reality, often the best solution is 
to use several devices together in hopes that the strengths of one will 
compensate for the weaknesses of another. 

The timing in the use of an audio-visual aid must likewise be gov- 
erned by the situation. When it is used to supplement a firsthand ex- 
perience it must of course follow the latter. When used as a substitute 
for a firsthand experience, it can be used whenever the latter would 
have been used. In filling other functions it may come at any time; 
it may open a unit to set problems or it may end a unit to summarize it. 


EDUCATIONAL FILMS 

Educational films arc used extensively and often indiscriminately in 
the classroom. Valuable though they may be within their limitations. 
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they are more subject to abuse than any other type of audio-visual aid. 
Perhaps this is so because a film temporarily takes over the task of 
teaching; teachers come to feel that the film is an independent device 
that can operate successfully without efl^ort on their part. Some edu- 
cators have gone so far as to claim that the film can replace the teacher, 
perhaps envisioning schools as movie theaters supervised by projec- 
tionists. 

Actually, films can do no more than supplement the work of the 
teacher. Experiences provided by films are severely limited. Films 
are designed for mass instruction and cannot provide for individual 
differences; they cannot give pupils practice in problem-solving. 
Films should be classed in the same category as hooks and used in 
similar fashion. 


Functions of odocolionol films. Motion pictures are most useful in 
the classroom for helping pupils gain new experiences, necessarily 
vicarious in nature. In addition, they have a few other limited uses 
presenting problems, providing overviews, summarizing learnings, an 
reviewing material covered. Few films can be used for nil these func- 
tions; many are suitable for one function only. 

1. Ooerviewing a unit. A tew films arc well od.apted for use at the 
beginning of a unit to show pupils what the possible content of the 
unit will be. These films are especially helpful to initKito tcacher- 
pupil planning sessions, especially if they suggest methods of attack 
on problems. A film used for overview should deal with si iiations and 
materials familiar to the pupils because as yet the pupi s have game 
no form.al background in the subject. The language should be non- 
technical for the same reason. 

Miss Cruicksiwuk chose the film tilled, "The CcU-Slructt.ral Vnil of Ufc 
to open a unit on cells. The action of the film starts tcih 3 '"“^';; 
a stained slide of onion tissue which they clcia wil i a J ■ j 

then Vico slides of other tissues, boll, plaul and 

wards used arc “ceil." “nuelcus." and ‘proloplasm. each of which is care 

showing. Miss Cruiekslmak ^ 

how the unit might proceed. One f ^e';! '’r/m 

Vioking slides of onion tissue; the others vo ct for J rcncral 

feeling the need for wore information about cc ‘ J textbook The pupils 
reading assignmL Inj reference ,o rZlo^ 

decided to delay further planutng until aftc J 
find discovered some questions to be anstierei . , r 
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by experiments and by Held work. However, many 61™ con 

sLcted to accomplish loo many purposes and are 

sequence. There are good films but not as many as one could wish. 

Earhj in the fall Mm Thompson took her seventh grade class on a field trip 
to collect milkweed caterpillars. These were brought back indoors and 
]cevt in suitable cages. 

The pupils had opportunities to see the caterpillars eat and move about. 
Theti saw one caterpillar forming a chnjsalis and they saw a butterfiij of er 
it had emerged. But they did not see the butterfly emerge and spread its 
wings; there were other details of transformation that they also „ 

Miss Thompson then presented a film titled, “The Monarch Butterfly. 
The pupils already had a background of experience and a vocabulary suit- 
able for appreciating the film, and the film answered many of their questions. 

3. Seeing problems. Although most films attempt to give solutions 
to all the problems they raise, a few films are well adapted to problem 
setting. In general these films deal with situations familiar to pupils, 
calling attention to things the pupils have experienced and awakening 
their interest in them. 


Mr. Chesney presented the film, “Story of a Storm," near the beginning of a 
unit on weather prediction. This film describes the passage of a typical 
cyclonic storm over a community, describing the advance indications of its 
coming, the development of the storm, and Us concluding phases. 

During the discussion that followed, the pupils compared the storm 
described in the film with storms they had experienced themselves. In 
attempting to summarize learning, arguments grew so heated that a re- 
sbotoing u)os necessary to satisfy everyone. Many questions remained un- 
anstcered, however, and these were listed for further study. Among these 
questions were: 

1. How fast does a storm move? 

2. Why are cirrus clouds thinner than other clouds.'^ 

3. How loiv is the pressure in the center of a storm? 

4. How can you tell when a cold front is coming? 

5. What makes a storm start? 

6. How docs an aneroid barometer work? 

These and other questions were used in the organization of the work 
of the unit. 


4. Summarisation and review. Most of the commercial educational 
films are best adapted for summarization and review purposes. This 
is because they tend to deal with broad topics in superficial fashion. 
This superficiality is no special handicap if the pupils have already had 
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an adequate experience background and have drawn limited conclu- 
sions in advance. 

Preparing to use a film. An activity that occupies hfteen or more 
minutes of class time should be carefully planned lest that time be 
wasted. Teachers tend to neglect planning for films because, unlike 
other activities, film showings present few discipline problems whether 
well planned or not. But class time is too valuable to be spent in an 
activity that provides only entertainment. 

1. Previewing the film. The preview of a film indicates the best 
use to which the film may be put— whether it should open a unit, over- 
viewing or setting problems, or whether it should be used later in the 
unit. From the preview the teacher may determine what preparation 
pupils need to benefit from viewing the film. He may decide upon pre- 
liminary experiences to be provided. He may list words that need 
careful introduction. He is able to decide upon follow-up activities 
that should come immediately after the showing. 

2. Using the manual. Most educational films are accompanied by a 
manual that gives a synopsis of the film and usually suggests pre- 
liminary activities and follow-up activities. There is commonly a list 
of words to be studied and a list of suitable references. Teachers will 
find it useful to reread the manual in advance of later showings. Tlie 
synopsis will refresh their minds about the contents of the film and the 
preparations needed, thus reducing the need for additional preview- 
ings. 

3. Making pupils ready for the showing. Relatively few films 
should be used without preliminaries designed to make the viewing 
more meaningful to the pupils. Sometimes the pupils need firsthand 
experiences in advance in order to understand the significance of what 
they see. 

Mr. Willis intended to use a film on the general subject of erosion, including 
an excellent section of animation showing the effects of frost action. To he 
sure that his pupils realized the expansion forces caused during freezing. 
Mr. Willis set up several days in advance an experiment showing the results 
of freezing a bottle of ivatcr in a mixture of salt and ice. lie also en- 
couraged his pupils to try the same experiment at home in their refrig- 
erators. 

Sometimes pupils need advance help with words. Technical words 
Vised in films commonly receive little or no special introduction but if 
pupils do not understand these words, they have difficulty interpreting 
the material in the film. 
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Mrs. Meyers unshed to use a film featuring some exeel cut ^ 

scribing ihe fertilization of ouules. Homencr. the term tube nu leu tried 
by the narrator and as a label, mould be unfamdtar to her pupds. Taf j'V 
inadeance of the showing she described the origin a the pollen J, be and 
its 1unetion,\ntroducing tire term as she did so. The oHowmg d^ f 
reviewed the topic and the term. During the showwg her pupils had no 
difficulty with the topic. 


Sometimes pupils have never seen some of the materials shown in a 
film. They may have difficulty interpreting the pictures without help. 
The following technique was seen applied in an elementary classroom; 
there are times when it would be equally useful in science classes in 
the secondary school. 


Miss Donahue was about to show a film describing conditions on some of 
the Pacific Islands. But first she displayed a coconut in its husk, some 
ments of husk, some coconuts, and some palm fronds. She opened the 
coconuts to show the meat and the milk inside, and gave the pupils a little 
of each to taste. When the film teas shown, the pupils were better able to 
appreciate the importance of the coconut to ihe inhabitants of the Islands 
than they had been previously. 


To be truly effective, a film should help pupils solve problems of 
importance to them. One of the major advantages in having films 
always available is that they may be used whenever problems arise. 
However, rented films must be used during the short interval between 
arrival and required return. Sometimes the teacher can stimulate the 
thinking of his pupils enough to cause them to formulate problems. 


A film describing experimental work with lightning in a high voltage 
laboratory became available unexpectedly. Mr. Fitch, the physics teacher, 
set apart a few minutes of class time for a consideration of lightning. His 
pupils raised a number of questions which he did not try to answer but 
which he asked the pupils to write down. He then set up the film pro- 
jector and presented the film. Afterwards the pupils decided how many of 
the questions had been answered satisfactorily and which needed further 
investigation. 


Sometimes teachers prepare a summary of a film and talk over with 
the pupils the nature of the film. Sometimes they list questions for the 
pupils to answer. There is some danger that these procedures will 
become formal and without challenge to the pupils. Much depends 
upon the nature of the topic of the film and the backgrounds of the 
pupils. 
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Showing a film. It is important that the presentation of a film pro- 
ceed smoothly. Much time can he wasted bringing the image into 
focus, adjusting the sound, and arranging the framing. Whenever 
possible, the projector should be set up and tested beforehand, perhaps 
between periods. Sometimes it may be set up while pupils are busy 
with other problems. 

It is usually ^vel] to let the first shelving of a film proceed without 
interruption. The pupils should be allowed to concentrate fully upon 
the new material being presented. After the first showing many 
questions may arise. An immediate reshovving may be desirable. This 
reshowing may include the entire film but usually only sections per- 
tinent to the questions need be shown. 

Reshowings at later times may be used to follow up discussions and 
may be used for review. For these reshowings pupils may list ques- 
tions to be answered or points to be noted. During reshowings it may 
be desirable to turn off the sound while the teacher or a pupil calls 
attention to important points. With some projectors it is also possible 
to stop the machine and project a single frame for special discussion. 

FoIlow<up activities. Much of the value of a film results from what is 
done about it after the showing. A discussion period should always be 
provided. During this time pupils are able to ask questions about 
points that puzzle them and to refer to related experiences they have 
previously had. Because so many films end on a falsely positive note, 
pupils may not feel like asking questions. The teacher can stimulate 
discussions by asking a few questions about details given early in the 
film. 

A short test using multiple-choice or true-false questions helps the 
pupils realize the extent and limitations of what they learned from the 
film. A discussion given after the test is often profitable. If problems 
have been listed, the discussion may center about how well the film 
helped solve them. A useful technique to be used occasionally is to 
conduct a review of the film, outlining the major points on the black- 
board. Some teachers put this task in tlie hands of a temporary chair- 
man and secretary. 

If experiments have been described in the film and conclusions have 
been drawn from them, pupils should be encouraged to repeat these 
experiments to see if similar results are obtained. 

An advertising film showed some remarkable characteristics of heat-resistant 
glass. During the follow-up discussion the physics teacher mentioned 
casually that through photography such residts could he faked. The pupils 
became suspicions immediately and wanted to carry out the experiments 
themselves. 
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Commonly, certain phases of a film are not developed adequately 
because too much is attempted in the film. AUempts to follow up these 
topics may be more profitable than the viewing of the film itself. 

A film on the life histories of some lepidoptera referred hrieflij to a cater- 
pillar which eats aphids. Some of the pupils recognized immediatehj the 
unusualness of this habit and from their discussion came questions about 
other insects that are carnworous. The teacher encouraged the pupils to 
plan an attack on this new problem. 

Individual film showings. The showing of a film to an entire class 
presupposes that all the pupils will benefit from the film and are 
equally ready to view it. Such an assumption, of course, is completely 
unrealistic; pupils differ greatly from each other and cannot be equally 
ready or benefit equally from the viewing. 

In rooms that have special work areas pupils with special interests 
may be permitted to view such films as are pertinent to their special 
interests. If the film Is projected on a small monitoring screen, other 
pupils are not distracted; it is not even necessary to darken the room 
because the small image is very brilliant. 

There are some practical difficulties to individualized showings. 

If the pupils are not qualified projectionists, the teacher must always 
be available to thread the film, start the machine operating, and re- 
wind the film afterwards. 

Selecting films for rental or purchase. The price of a film represents 
a substantial investment Even rental charges add up rapidly. The 
selection of films demands careful consideration. All films should be 
previewed and, if possible, should be used at least once before pur- 
chase. Catalog descriptions and manufacturers' claims cannot be 
trusted to give true pictures of films. A good method for becoming 
acquainted with a film is to obtain a copy from a renting agency; the 
decision to purchase is then based upon actual trials. 

When possible, films should be previewed before renting. There 
are usually film showings at teachers conferences and during summer 
session workshops. A card file of Elms listing titles and producers and 
commenting on general usefulness helps in choosing films for rent. 

One of the first things to consider is the general usefulness of the 
film. The teacher should decide how and if he can use it. Commonly 
a film may be too difficult or too elementary for the pupils who are to 
see it. Producers claims about grade placement cannot be trusted. It 
is also possible that the film cannot be related to the experiences of the 
pupils. Much of the film then becomes meaningless to them. Ex- 
perience is the best guide in determining this characteristic of films. 
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A second point to be considered is whether the film is worth the 
cost. A film that merely describes experiments that the pupils could do 
in the classroom is certainly uneconomical. So too is a film that de- 
scribes experiences the pupils have already had so often as to need no 
review. A film based on lengthy classroom discussion is apt to be of 
little worth. 

A film may contain sections of valuable animation, time-lapse pho- 
tography, or other special features. If, however, these take up but a 
small percent of the total footage, the remainder being easily dupli- 
cated in the classroom, the film under consideration becomes very 
expensive. 

Color in films is often effective and sometimes absolutely necessary 
for the development of the content of the film. It is also expensive. If 
color adds nothing to a film except attractiveness, black-and-white 
films might better be purchased. 

Sound has come to be accepted as a great asset to educational films. 
True, sound films have great potentials but they are rarely utilized. 
Few films use synchronized sound. Sound effects are occasionally 
dubbed in. Generally, however, the sound track is used only for the 
voice of a narrator who gives a running commentary on what is essen- 
tially a silent film. The narration is frequently not so useful as the 
teacher’s own remarks, and some teachers simply turn off the sound 
and make their own comments. 

A third point to be considered is the technical quality of the film. 
The pictures should be sharp and distinct If there is color, the colors 
should be true; many copies arc pale or lean heavily to the red end of 
the spectrum. The sound should be of good quality, with the narrator’s 
voice distinct and understandable. 

A fourth point to be considered is the accuracy of the film. Errors 
of fact often creep into films. Even when there are no errors there 
may be misleading ideas. The makers of a film are sometimes lacking 
in the scientific attitude and present theories as facts, draw conclusions 
from limited evidence, or making sweeping generalizations that can- 
not be justified. These weaknesses seriously impair the usefulness of a 
film. 

Amateur films. Amateur films have the special advantage of being 
able to deal with local situations. Pupils have heightened interest and 
they quickly see the applications of the points made. The imperfec- 
tions which are almost inevitable do not always detract from films 
and sometimes give it a more personal touch. 

In the production of an amateur film the best procedure is to start 
with writing a script. Because the film is silent, the script is merely a 
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description ot the desired scenes and of the needed subtitles. The 
scenes are numbered for convenience. i i • tu 

Then photography begins. Scenes are not necessarily shot in the 
order given in the script, but rather as is convenient. For instance all 
close-ups of maps, posters and the like might be done at once so that 
the camera need be set up only once for this type of work. If, during 
the photography of the required scenes, unexpected opportunities tor 
unusual scenes present themselves, these too are photographed. Later 
the script will be rewritten to include these scenes. 

After the photography is completed and the film developed, some re- 
photographing may be needed to replace scenes that do not show up 
well. When all the scenes are satisfactory, the scenes are cut apart and 
spliced together in the order of the script. Titles and end matter are 
added. The film is now complete, faulty perhaps in places and obvi- 
ously amateur work, but often far more valuable than a corresponding 
commercial film. 

Mr. Jordan, a science teacher in a New England conxmunity, produced a 
film on the manufacture of maple syrup. Some of the scenes he shot while 
on field trips with his pupils. Some he took during special visits to local 
farms. 

A film written, directed and produced by the pupils themselves has 
double value, partly from the teaching value of the film and partly from 
the experiences the pupils gain while producing it. 

A science class in Greenwich, Connecticut, produced a film on the local 
water supply. The pupils carried out the needed research, wrote the script, 
planned the shooting schedule, and acted in many of the scenes. The school 
board supplied the film. One of the teachers did the camera work. The 
result was an attractive, informative film that was very usefid in all science 
classes in the system. 


FILMSTRIPS AND SLIDES 

Filmstrips and slides are not to be considered as feeble substitutes for 
motion pictures. They are unique teaching devices, having certain 
virtues as well as limitations of their own. The chief advantage of these 
devices is their versatility. The teacher can alter the time allotted to 
any scene, or series of scenes, as he wishes. He can spend one second 
or ten minutes on one picture, using it as a focal point for discussion, 
as a model for sketching or drawing some object, or as a basis for oral 
test questions. In addition, the teacher can turn back readily to any 
scene for reconsideration. In Uie case of slides he may present the 
pictures in any order and delete those that are inappropriate. 
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Filmstrips and slides, when compared with moving picture films, are 
relatively inexpensive, and the projectors are far less expensive. The 
projectors are so simple to operate that all pupils can use them, either 
helping the teacher make a presentation or making presentations of 
their own. 

The limitations of slides and filmstrips as compared with motion pic- 
tures are fairly obvious and need no detailed discussion. They do not 
compel attention as does the constantly shifting action of a film. The 
lack of motion, however, is not so much a disadvantage as a difference 
that allows filmstrips and slides to fulfill different functions. 

Using slides and filmstrips. Filmstrips and series of slides may be 
presented in the same fashion as motion picture films. The pictures 
on film strips are arranged sequentially and they are commonly supple- 
mented by captions that serve the same function as the narration of a 
sound film. Slides may be arranged sequentially and supplemented by 
oral remarks of the teacher. When slides and filmstrips are presented 
in this fashion, the same suggestions about preparation, showing, and 
follow-up as were given in the previous section on motion picture films 
apply. 

Because of their versatility, slides and filmstrips may be used in sev- 
eral other ways, each with a specific purpose in mind. These visual aids 
may be tied in closely with other teaching procedures, perhaps to 
clarify a point. 

During a description of growth changes in bones, Mrs. Mooney projected a 
single slide showing X-ray photographs of the hands of a child and an 
adult. 

A slide may make it possible to illostrato an application immediately 
after a principle has been developed. 

The physics class had completed several experiments relating weight and 
displacement of floating bodies. During the following discussion, Mr. Dixon 
projected a slide showing the Plimsoll mark on the side of a ship. 

A few slides make possible comparisons that would otherwise he 
difficult. 

The biology class had been shown calla lilies on a trip to a greenhouse in 
mid-winter, skunk cabbage blooms on a trip in laic winter, and jack-in-thc- 
pulpit blooms on a trip in early spring. To show that these plants arc 
closely related, Mrs. Jorgenson projected slides of their flowers and called 
the attention of the pupils to the similarities of structure. 

A slide may make an a^s^ve^ to an unexpected question much more 
meaningful. 
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John road in the newspaper that there was a good deal of sunspot actimty 
onZsun at that tije. \vhots a sunspotr he asked his 

The teacher found himself beginning a mgue verbal desertpUon but the 
remembered that in his files were some slides showmg rbotographs of 
sunspots. He took but a moment to locate one of the slides, slip it m ti 
projector and give a description that was understandable to John and 
Other pupils. 


Slides showing diagrams are more conveniently stored than charts, 
though they cannot be made available for pupil use for so long a time. 
Sometimes a diagram on a slide is available when a chart is not. 

To help give an understanding of a cathode ray tube Mr. Meade photo- 
graphed a cross-sectional diagram of one. During the study he had on his 
desk a fcleoiston tube and an oscilloscope. On the screen behind him he 
projected the diagram. By making references to the television tube and to 
the diagram, his demonstrations of the oscilloscope were made more under- 
standable. 


Slides of tables and graphs may also be useful. If the teacher knows 
how to prepare his own slides he can present material specifically de- 
signed for his purposes. 

Mr. Meade found that his pupils had difficulty doing problems on relative 
humidity because they could not determine the necessary constants from 
the saturation curves he provided for them. So he photographed a copy 
of the curves and projected it on the screen. As he toorked out sample 
problems, he could show bis pupils the exact procedures to be used in 
reading the curves. 


Mention was made earlier in this chapter of the difficulty some pupils 
have in interpreting diagrams. There are various techniques for mak- 
ing a diagram more meaningful. 

Mr. Tcmplefon loas helping his pupils understand the development of a 
cumulus cloud. lie projected on a large sheet of white cardboard a slide of 
a landscape with a prominent cumulus cloud overhead. With a black 
crayon he traced the direction of the air currents, and the level at which 
condensation teas faking place. When he turned off the projector the paper 
contained a diagram very similar to the one given in the textbook. 

Slides can be used for giving directions when verbal directions, either 
oral or written, are inadequate. 

Mr. Clemens found that many pupils misinterpreted or ignored the verbal 
directions he gave for dissections, so he made colored slides of each of the 
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rnajor steps. These were projected during the preliminary discussion of the 
directions. Then the corresponding slide was projected as pupils pro- 
gressed through each stage. 

Sometimes slides make excellent reviews. They may be used to re- 
view materia] presented through slides previously, in which case the 
same slides may be projected. Or they may be used to review material 
presented through firsthand experiences. The teacher who does his 
own photography has special advantages in that his slides can deal 
with the identical materials studied. 

Field trips had been taken to see a number of topographic features caused 
by glaciation—kames, esJeers, kettles, truncated spurs. On each trip Mr. 
Petty took colored slides of the things seen. During a review of the unit on 
glaciation, Mr. Petty projected the slides. The pupils identified the features 
and described their probable origin. 

Slides may also be used for review tests in somewhat similar fashion. 

A field trip to a nearby woodland introduced the pupils to a number of 
spring flowers. Mr. Mahon collected samples and put them on display. A 
week later he announced a test, asked the pupils to number their answer 
sheets from one to ten, and projected ten slides of wild flowers for the 
pupils to identify by name. 

Pupils find slides and filmstrips useful when they are making re- 
ports on special investigations. 

Susan and Joan choose to investigate the nesting habits of some common 
birds. They collected nests of some species but could not find materials to 
illustrate habits of nesting in cavities in trees, in tunnels in banks, and on 
the ground. Their teacher suggested they look at some of his filmstrips. 
They found one that was suited to their needs. During their report they 
used both their actual materials and the filmstrip. 

Slides may be made available for individual study through the use 
of hand viewers. The slides may be studied as a follow-up of special 
interests or as part of a general assignment. 

Mr. Burton gave to his earth science pupils sheets listing their assignments. 
The assignments called for a number of different activities including the 
study of a set of slides of sea coast features. The pupils were to identify 
each of these features by reference to photographs and diagrams in their 
textbooks, and then find out how each feature originated. 

Handmade slides give pupils opportunities to prepare their ovti 
visual aids for use in making special reports. 
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Four hoiis in the seventh erade volunteered to present a report an the pos- 
.2-Zf Z earth. The relerence they used deseribed the planetestmal 


oithc diaerams on specially etched glass slides and colored the diagrams 
,o, L pnrpol. They based their report on these 

slides. 

Building a slide and filmstrip library. The low cost of slides and film- 
strips and the ease with which they may be stored makes it possible 
to develop a library that ranges widely in content and application, ine 
immediate accessibility and the readiness with which they may be 
projected makes them of high value. 

Filmstrips, compared with slides, are relatively inflexible. The pic- 
tures arc arranged in a fixed sequence and supplemented by captions 
that present ideas according to a pattern devised by the producers. 
This makes it necessary for a teacher to evaluate filmstrips with special 
care. If he does not wish to present information as it is presented in 
the filmstrip, the strip becomes almost useless to him, 

The philosophy of the producers is not always in accord with the 
accepted philosophies of science education. A number of filmstrips, for 
instance, are httlc more than reading lessons with the pictures supple- 
menting the captions and at times being merely decorative. Commonly 
too these producers use paintings rather than color photographs. Some- 
times paintings have special value but generally photographs are much 
more accurate and infinitely more realistic. 

Slides are available from many sources. The large slides are gen- 
erally in black-and-white and include both photographs and excellent 
diagrams. Tlie smaller slides are usually in color and are often made 
from photographs. Slides may be purchased individually or in sets, the 
latter at reduced rates. However, a set of slides may contain slides of 
little or no use to the teacher; if this is so, the actual cost of the useful 
slides may he higher than when purchased individually. 


Making slides by photography. The teacher who does his own pho- 
tography has unlimited opportunities to build up his slide library. 
With a 35 millimeter camera the production of color slides is simple 
and relatively inc.\pcnsive. One need only follow the directions given 
on the packages of color film to produce successful pictures. 

Tlic purchase of a tripod and an ine.xpensive close-up lens enables a 
teacher to make close-up pictures of rocks, flowers, insects, leaves and 
the like. He may also copy maps, topographic sheets, charts, diagrams, 
paintings and colored slides. Books on photography give suggestions 
for this tjqie of work. 

Bl.ick-and-white slides may be made by printing negatives on 
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positive film. One may also take photographs on direct positive films 
u'hich upon development give positive transparencies. Tlie Polaroid- 
Land camera produces black-and-white transparencies a few minutes 
after the picture has been taken. 

Handmade slides. Handmade slides enable teachers and pupils to 
prepare visual aid materials for special situations, and they represent 
a good medium of self expression for many pupils. 

Several companies market kits containing the materials needed for 
slide making. The slides are invariably of the 3| by 4 inch size, 
smaller sizes being difficult to work with. There are three basic types 
—cellophane slides, etched glass slides, and coated slides. Printed 
material may be typed directly on cellophane by the use of special 
carbon papers; these are bound between cover glasses for projection. 
With etched glass, line drawings may be made with a soft pencil and 
colored in with special crayons. Coated slides will take ink, thus giv- 
ing sharper lines. The materials in each case are re-usable. 

FLAT PICTURES 

Flat pictures have a number of advantages and some serious limitations. 
Among their advantages is the fact that they are free or inexpensive, 
easily procured, and easily stored. They can be used for the study of 
very large or very small objects, and for objects that are unavailable 
in the classroom. In addition they commonly show objects in their 
natural surroundings. Flat pictures are e.vcellent for individual study, 
either in the hands of the pupils or as part of displays and exhibits. 
They may also be projected on a screen for class study. 

On the other hand, pictures are rarely true to color and commonly 
have no color at all. Size relationships are often not indicated and are 
sometimes distorted. The use of unusual camera angles may make 
interpretation difficult. Because of these limitations a teacher should 
choose flat pictures with care before attempting to use them. 

Developing a picture file. Scattered through magazines and other 
publications is a wealth of material useful to science teachers. Some 
issues of the National Geographic Magazine and Life magazine are 
veritable treasure houses of valuable pictures. Catalogs, advertising 
brochures, and discarded books make other contributions. A number 
of industries print visual materials especially designed for teachers. 
The teacher who does his outi photography may add to his collection 
by taking pictures in black-and-white and making enlarged prints. 
Standard 8 x 10 inch enlargements are a useful size. 
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Photographs and clippings may be stored in a standard letter file. 
Related photographs may be kept in a folder having a topic 
heading. The folders may then be filed alphabetically or under major 
headings that correspond to units of the course of study. 

To prevent clippings from becoming creased and torn, it is well to 
cement the more useful ones to sheets of heavy paper or to sheets of 
thin card such as are used in laundered shirts. Pictures that are handled 
by the pupils are apt to become soiled. These may be mounted on 
cards and covered with plastic film. One excellent film is the type 
used to wrap meats before freezing. It is wrapped around the card 
and the edges are sealed together at the back with a hot iron. 

Photographs or clippings used for individualized study may be 
stapled inside manila covers. 

Using photographs and eiippings. These visual aids are better 
adapted for individual study than for general class use. However, an 
opaque projector makes possible the projection of an image of a 
photograph or clipping on a screen where all may observe it. The uses 
then become identical with those of slides, discussed in the previous 
section. 

Opaque projection is not as satisfactory as the projection of trans- 
parencies. The use of reflected rather than transmitted light results in 
a dimmer image. The mote the room can be darkened the more visible 
the image becomes. 

Photographs and clippings may be given out for individual study. 
Pupils need specific directions to guide their observations, perfectly 
written out so that they will not be forgotten while pupils wait their 
turn to examine the materials. 

Mr. Wfliiflmson chose twelve colored photographs of birds to illustrate bill 
and foot adaptations. He stapled each picture in its own manila cover. On 
the facing side of the cover he stapled a typewritten sheet of questions to 
guide ohscroafions. The pictures were circulated during intervals of in- 
dividualized work. 

A similar technique has been used with stereophotographs. How- 
ever, instead of circulating the materials, they are left in one place and 
the pupils take turns using them. 

Mr. Schick purchased a set of stereophotographs illustrating successive 
stages in the development of a chick embryo. The photographs and the 
viewer were placed on a side table where the light was suitable for observa- 
tion. The pupils were given guide sheets listing points to look for. They 
took turns looking at the pictures during portions of the period devoted to 
individualized work. 



Audio-visual aids in science teaching 


205 


Bulletin board displays may be organized on the same basis. A set 
of guiding questions may be tacked to the bulletin board or copies 
may be given to the pupils. Copies given to the pupils may have spaces 
in which pupils are to write out their observations. 

CHARTS 

Charts are standard equipment in most science classrooms. They are 
used extensively by some teachers, little by others. The advantages of 
charts are several and make them desirable visual aids, but since their 
limitations are serious they should be used only with the greatest of 
care. 

Advantages and (imitations of charts. Most charts present a diagram 
or a series of diagrams. These charts may be difficult to interpret, 
because diagrams have such serious limitations. If the diagrams have 
been oversimplified, the pupils may not know what the diagrams are 
intended to represent. 

When the limitations are recognized and provided for, charts have 
some distinct advantages. The diagram on a chart is generally superior 
to anything a teacher might draw on the chalkboard, providing vis- 
ibility and contrast through prominent, sharp lines, bright colors, and 
bold printing, 

Charts require fewer facilities and Jess effort for presentation than do 
lantern slides. Lines of diagrams are usually sharper and in greater 
contrast with the background. The chart may be left up as long ns 
needed but slides cannot be projected indefinitely. Against these ad- 
vantages must be mentioned the greater difficulty of storing a large 
number of charts. 

Diagrams in textbooks and on duplicated sheets arc much more 
difficult to follow during general discussion than arc the diagrams on 
charts, A teacher may use a pointer to indicate each structure under 
consideration and lead the attention of the pupils from one structure 
to the next. 

Using charts effectively. The first step in effective use of charts is tlic 
selection of suitable charts. Clwrts should always be large for general 
class use. All lines should he distinct and the printing should he read- 
able from all parts of the room. Color is effective. It can In* used to 
emphasize important details and to lead the eye towards them. On the 
other hand, too much color can l>e confusing, and nonfunctional color, 
applictl for decorative effects, should he avoidetl. 

Each chart should be simple and uncluttered, uilfj adequate sp.«ce 
Iwtwccn separate items. Some charts are so crammetl with details tlwt 
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from a distance, they resemble patchwork quilts. Some charts come 
with labels, some with parts indicated by letters or numbers. The 
latter kind are more versatile, since they may be used in oral reviews 
and testing. 

Lighting should be considered when dispkiying charts. The best 
lighted wall should be used if the charts are hung on wall hooks. If 
a stand is used, it should never be placed so that pupils are looking 
towards the windows. A teacher should move about the room and 
check the visibility from several points. 

The major limitations of charts can be compensated for by proper 
planning. The solution is often simple— pupils must know what they are 
seeing when they look at a chart. 

Mr. Clair set up a large spark coil and produced sparks so that the class 
could recognize its junction, lie then displayed a chart on which was a 
cross-sectional diagram of a spark coil. Before attempting an explanation 
of the action of the coil, Mr. Clair took time to point out on the chart each 
visible feature of the apparatus. He then indicated where the interior 
structures shown on the chart were located in the apparatus. 

Sometimes it is feasible to put materials in the hands of the pupils 
before beginning a study of diagrams on charts. 

Mrs. Dayton’s biology class collected grasshoppers on a field trip. For 
the next class period each pupil had a live specimen in a far. After the pupils 
had looked casually at their grasshoppers, Mrs. Dayton hung up a chart on 
which were two diagrams, one of the external anatomy of the grasshopper 
and one of the internal anatomy. Pupils studied the external anatomy frst, 
comparing their specimens with the chart. Attention was then given to the 
diagram of the internal anatomy so that the pupils could relate some of the 
internal features with the exterior. 

As the above illustrations show, charts have important uses in sup- 
plementing demonstrations, discussions and the like. They may also 
be used for review. 

Mrs. Tatum displayed three charts with diagrams representing the life 
history of a fern, a moss, and a mold, respectively. She gave the pupils 
duplicated sheets of questions which referred by number to the structures 
on the diagrams. She asked the pupils to answer these questions. 

Charts may be used in similar fashion for testing pupils. It is im- 
portant that they have studied the same charts before so that they are 
familiar with the conventions used in making the diagrams. 

Mrs. Tatum asked her pupils to write down tn order the ten numbers she 
dictated. She then displayed a chart on which the same numbers referred 
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to structures in the human cije. She ashed the pupils to write down the 
names of the structures indicated by these numbers. 

Making charts. Sometimes teachers wish they had charts for special 
purposes but find none available at scientific supply houses. They can 
make these charts with relatively little trouble. For temporary use, 
charts may be made by using a felt pen on large sheets of wrapping 
paper. These charts are not very durable and are easily damaged 
during storage. Longer lasting charts can be prepared by making 
drawings on sheets of white poster board. 

Permanent charts are made on special chart cloth sold by scientific 
supply houses. Outlines are drawn in pencil and traced in India ink 
with a ball-tipped pen, a drafting pen, or a felt-tipped pen. Colored 
lines, labels and arrows may be added with colored drawing inks. 
Colored areas may be filled in with wax crayons, after which the wax 
is blended in by applying a warm iron to the reverse side. 

An opaque projector is of great help in laying out a chart, The chart 
cloth is tacked to a bulletin board in a darkened room. A diagram 
from a book or a clipping is put in the projector and focussed on the 
cloth. By moving the projector to and fro, the size of the image can be 
varied until it fills the desired space. The outlines are traced in pencil 
and can be inked later. Chart making is an e.xcellent project for pupils 
to carry out either as a service to the teacher or as part of presentations 
which they themselves plan to make. 

MODEIS 

Models tend to be superior to many diagrams and pictures, because 
they introduce a third dimension. They possess some of the same 
limitations, however. If pupils do not understand what the models 
represent they cannot interpret them. 

Models fall into different classifications. Scale models are designed 
to duplicate the appearance of a real object as closely as possible, but 
are usually larger or smaller. Diagrammatic models emphasize selected 
features and suppress others for the sake of clarity. Display models show 
structural characteristics and operating models show the action of 
moving parts. 

Choosing models for classroom use. A model must be of adequate 
size to be seen clearly from all parts of a room if it is to serve as the 
center of class discussion. Smaller models may be used for individual- 
ized work. Generally speaking, a model should be three-dimensional, 
although there are exceptions in the case of some cross-sectional 
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models. The value of a model lies in its presentation of the parts in 
their proper spatial relationships. 

The degree to which a model resembles the real object is important. 
SimpliBcation is desirable, but it is possible for a model to be over- 
simplified. The subject of the model and the age level of the pupils 
with whom it is to be used must be taken into consideration. 


Using models effectively. Pupils commonly lack the type of back- 
ground that makes interpretation of a model possible. 

Mr. Corbin purchased a cut-away 
model of a gasoline engine. As the fly- 
wheel of the model was turned, the 
pistons moved up and down, valves 
opened ami closed, and lamps flashed 
to simulate the sparking of the plugs. 
Pupils were fascinated by the model 
and operated it whenever he would 
let them. 

A test given at the end of the unit, 
however, gave no better results than 
formerly. Mr. Corbin talked confiden- 
tially with some of the pupils who had 
failed the test and discovered that they 
still had no true concept of pistons, 
cylinders, and crankshafts and they 
were puzzled about the lights in the 
model. The following year, Mr. Corbin 
took the pupils to see an engine block 
in an auto supply store. He also re- 
placed the lamps in the model with 
improvised spark plugs that sparked 
when an induction coil was used. His 
pupils now interpreted the model 
much more satisfactorily. 

Similar problems of interpretation are apt to arise with the use of 
biological models, especially those that deal with microscopic sections. 



lag structures in their own bodies. 
The model of the eye is usually 
shown to pupils, as in A, with no 
rehtion to the head. If a teacher 
draws a face on oak tag and cuts 
out one of the eyes {B), he can 
show the relationship by holding 
the model behind the cut-out in the 
proper position. (From Patricia 
Birdsall, "Making an Eye Look Like 
an Eye,” School Science and Mathe- 
matics, November, 1950.) 


For several years Mr. Arthur used a large model of a three-year-old woody 
plant st^m without much success. One year he reversed his technique for 
iniroofHcmg the model. He took the pupils on a field trip to collect speci- 
mens of one- and three-year-old saplings. Back in the laboratory the pupils 
compared sections of their specimens, summed up their observations, read 
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ahout woody plant growth, and discussed their learnings. Only then did 
Mr. Arthur bring out the model. This time interest was high and pupils 
studied the model careftdly. 

There are various techniques for helping pupils relate anatomical 
models to reality. 

Miss Birdsall drew on heavy card an outline of a face, using the same 
scale as the eye model she intended to use. She cut out one eye from the 
drawing. By placing the eye model at the edge of a table and holding the 
cardboard in front of it, the relation of the visible parts of the eye to the 
remainder of the face could be seen and the relation of the invisible parts 
could be inferred (see figure 10). Miss Birdsall used a similar technique 
with an ear model, drawing a head in profile and cutting out the ear 
section.^ 

Making models. There are certain advantages to making models. One 
is the reduced cost; commercial models are generally expensive. Then 
too models may be made to 6t specific situations; an earth science 
teacher may prepare a relief model of the area around the school, which 
he could not purchase from supply houses. 

Probably the chief value of model making is the construction of 
models as special projects. The research necessary for the production 
of a good model adds greatly to the development of scientific concepts. 

The skills developed are generally worthwhile. And the satisfaction 
gained is invaluable in developing desirable attitudes. 

Modeling clay has several uses in the biological and earth sciences. 

It may be used for figurines illustrating evolutionary development, for 
models of anatomical structures, and for illustrations of land forms. 
Plasticcne, which comes in several colors, has similar uses, and the 
combination of rtvo or more colors gives contrast and often increased 
realism. 

Plaster of Paris is a versatile material. It gives sharp castings; it may 
be drilled, sawed, and sanded; it may be tinted and painted. It is ex- 
cellent for permanent models, although it chips easily and requires 
careful handling and storage. It may be used for casting animal tracks 
found in mud, for making reproductions of small objects, and for 
reproducing objects in relief on plaques. Blocks of plaster are easily 
sculptured before the material has completely hardened. 

Several plastics useful for modeling are marketed by scientific sup- 
ply houses. Tliesc are relatively expensive hut liave special uscs^thal 
make them worthy of considcration- 

• Dinknii. I’.itricfn. “.VfaVinj; «n Eyv Look Like on Eye.’' School Science and 
NovcinixT, 1950. 
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Mechanical models are usually made of wood and metal. Supplies 
of these materials and the tools needed to work with them should be a 
part of every science classroom. Construction kits of wooden and 
metal parts have innumerable uses; although sold as toys they are 
truly educational and deserve a place in the science program. 



records and tape recordings 

At present there is only a limited library of records that reproduce 
nalur^ sounds such as waves on a beach, jet planes, frog calls, and the 
1 'e. 16 most successful of these have been the recordings of bird 

calls and songs. Teachers use the latter to help pupils learn to identify 
birds by their songs. Commonly they play the records and at the same 
time project pictures of the corresponding birds on a screen to enable 
pupils to associate both sound and sight. Undoubtedly this technique 
could be used for other recordings. 
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Recordings of musical instruments may be used in science classes to 
study changes in pitch and the quality of sounds produced by different 
types of vibrating materials. For physics students there are records 
designed to help test the fidelity of phonographic equipment; such 
testing helps pupils develop understandings of the characteristics of 
sound. 

Many musical masterpieces are based upon the sounds of nature. 
Perhaps these could be used more in the science program to add to 
the interest of the subject and to the meaningfulness of music. For 
instance, the section depicting a storm in Rossini’s William Tell Over- 
ture could be compared with the sounds of a real thunderstorm and its 
sequence analyzed. 

The portable tape recorder is a versatile machine that enables one to 
pick up sounds almost anywhere and reproduce them at will. Science 
teachers can make good use of them. 

Mr. Bradshaw, a student teacher, was teaching a unit on weather to an 
eighth grade. To emphasize the west to east movement of storm fronts 
in the region, he took tape recordings of the “Weather Round Up” of the 
New York State Rural Radio Network. Stations beginning at Buffalo and 
ending at Albany reported on the local weather. If a front was passing 
over the state there were marked differences in weather to the east and the 
west of the front. Soon Mr. Bradshaw had a number of good examples to 
play to his pupib. 

Some of the best science broadcasts are given evenings or weekends. 
Even when these are broadcast during the school day the number of 
pupils who can listen to them is limited. Tape recordings made of 
these broadcasts can be played over and over. 

The pupils in one science class can produce a radio program or a 
play which is then recorded and played to other sections. Pupils gain 
practice in language arts in the process. Some elementary teachers 
have sent their tape recordings to pupils in distant schools with whom 
they have correspondence. Perhaps this would be an interesting project 
for science clubs. 

Tapes are easily edited; portions can be clipped out with a razor 
blade and the ends spliced with cellulose tape. Or the tape may be cut 
apart and another section spliced in. Editing gives the tapes additional 
versatility. 

Mr. Wilson tvanted to play the songs of a limited number of birds. He 
prepared a tape recording from all his records and cut out the sections 
that he teanted. These he spliced together in the order he thought most 
useful. 
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large enough to attract attention. It should be arranged u’ith artistic 
unit)’. 

Displays should be topical; that is, centered about a theme. A mere 
display of unrelated materials is rarely interesting or of much edu- 
cational \'alue. The theme may be one related to class work or it may 
be independent, representing a matter of current interest or of special 
interest to certain pupils. 

A display may illuminate class work but it should rarely ti)’ to 
duplicate it. A flow chart of the Solvay process in colored poster paper 
may be striking, but if the textbook contains exactlv’ the same flow 
chart the utility of the display may be questioned. 

It is important that displays be chang^ frequently. Nothing is more 
depressing than a faded or dust co^’ered e.xhibit. Pupils dev elop a 
habit of looking at displays only when they expect to see new things 
regularly. The preparation of new exhibits may be done b\ the 
teacher, but there are many valuable outcomes for pupils when the 
latter prepare exhibits. The task of arranging a new display may be 
assigned as a group responsibilit)’ replacing other assignments or it 
may be suggested as ^•oluntar)’ work for extra credit. 

The bulletin boord. The bulletin board is best adapted for displays of 
pictures and clippings though other flat materials may be attached 
where there is no danger of their being brushed off. Nfost classrooms 
today have some bulletin board space but there may not always be 
enough. The area above the chalkboards may be used for some t)pes 
of displa)'S. Strips of composition board to which pictures may be 
tacked, or strips of decorators’ burlap, to which pictures may be pinned, 
are attached above the chalkboards and used for poster materials and 
large, uncluttered pictures. 

Unused sections of chalkboards may also be used for bulletin boards. 
Materials are attached nith masking tape. The use of the chalkboard 
has additional advantages in that lines, labels, and diagrams in colored 
chalk may be used to amplify and to gu-e emphasis to the materials 
displayed. 

The preparation of bulletin board displays may be an outgrowth of 
regular class work; sometimes it can be planned to be an integral part 
of such work. 

J/r. MarshalVs eighth grade science class was engaged in the study of 
airplanes. Mr. Marshall suggested that a bulletin board display be pre- 
pared. Several pupils made suggestions none of which were accepted by 
their classmates, either because the materials would be loo familiar la 
everyone or because the materials would not have sufficicnl appeal. Finally 
the class decided to prepare an exhibit based on famous trans-Atlantic 
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flights. Committees were organized to do the necessary research, to find 
pictures m Mr. Marshall’s files, and to draw maps and labels. 

Pegboards. Pegboards, designed for storage of merchandise and 
household items, can be useful in the classroom for displays of teach- 
ing materials. These pegboards are drilled at regular inter\'als to re- 
ceive hooks, shelf holders, tool holders and other special adaptors. 
When a board is fastened to a wall it should be separated slightly 
from it by means of cleats or by separators designed especially for 
the purpose. The boards come in several colors but they may be 
finished in enamel over a primer coat. 

Items for display may be suspended from hooks. They may also be 
placed on shelves of thin plyboard which are held up by shelf supports 
provided for the pegboards. Obviously, one of the major advan- 
tages of the pegboard is the ease with which the various holders and 
supports can be rearranged to meet the special needs of the display. 



hesive^ta^e cases ran be constructed of glass panes and ad- 

sS " ‘''"e “ lenarium for pLtr Lt need high 

hum,cl,ty. S,m,IoT cares can be used for Hu, exhibit of fragile specimens. 


■nrh 1 r “ “de and 9 to 12 

!" dl t specimens that should not be 

handled or exposed to dust. These cases may he made of a variety of 
materials; Lucite. Plexiglass, ceUuloid, or sheet glass. The plastics 
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may be cemented together. The glass may be held with adhesive tape. 
These cases are especially useful when all sides of a specimen are to 
be viewed. 

Woll coses. Wall cases which may be closed and locked are needed 
for the display of fragile and expensive specimens. Generally, shal- 
low cases are most convenient. A viewing area unbroken by frames is 
desirable. A pegboard used at the rear of the case makes possible 
many arrangements of the supports used to hold the specimens. 

Interior lighting is especially desired; fluorescent lamps across the 
top, with a shade to keep light from shining directly into the viewer’s 
eyes, are most satisfactory. When shelves are used these should be of 
glass or clear plastic to reduce shadows cast on specimens beneath. 

In museums one will see a number of techniques that may be 
adapted to making the displays in wall cabinets more effective. Rec- 
tangles of colored paper placed under or behind specimens give em- 
phasis and provide needed contrast. A mirror behind a specimen 
makes its rear surface visible. A large lens properly mounted magnifies 
a small specimen or a portion of a large one. Colored threads may 
lead from parts of a specimen to labels and captions or to related 
specimens. 

Display tables. Any science classroom is improved by the addition of 
a display table. On this may be placed large specimens, models, and 
other materials that may be handled. One important use of the table 
is for the display of apparatus used during a demonstration so that the 
pupils have opportunities to examine the material closely and manipu- 
late it. 

A small bulletin board behind the display table adds to the table’s 
versatility. On the board may be pinned pictures, descriptive ma- 
terials and directions pertinent to the display. 

The chalkboard. The chalkboard is a familiar and much used teaching 
device but it is to be feared that it is often used carelessly and without 
full realization for its potential. Certainly the crude scrawls and aim- 
less scratchings seen on so many chalkboards must have little teaching 
value. 

The use of the chalkboard should be planned as carefully as a dem- 
onstration or a test should be planned. The chalkboard is too important 
to be left to chance or to spur-of-the-moment inspiration. The teacher 
should decide in advance just what parts of a lesson are to be pre- 
sented by means of the chalkboard. He may find it useful to make a 
layout of this material on a sheet of paper so that lie can determine in 
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advance the amount of space required, the best means for emphasizing 
certain points, and the details of spacing. 

Carelessly-made diagrams may be worse than useless. In some in- 
stances it is wise to make diagrams in advance, laying them out care- 
fully, and emphasizing points with colored chalk. Advance construc- 
tion makes possible a check on visibility from various parts of the room. 

Sometimes a teacher wishes to construct a diagram a bit at a time 
while explaining it to the class. He may draw the diagram in advance 
with soft chalk which on erasing le.aves a vague outline. The teacher 
may then reproduce the outline as he wishes. 

Accessories that help realize the potential of the chalkboard are a 
blackboard straightedge, a blackboard compass, a blackboard pro- 
tractor, a blackboard 30-60-90 degree triangle, and a blackboard 45-45- 
90 degree triangle. A section of the chalkboard should be ruled off 
into squares with a carborundum or hardened steel stylus to facilitate 
the construction of graphs. A teacher who has difficulty with black- 
board xvriting will find that lightly ruled lines on a section of the 
board will help him level and space his writing better. 

Displays using colored chalk and built around diagrams or pictures 
taped on the board can be very effective. Sections used for this purpose 
should be those that are not used regularly during class presentations. 


Suggested activities 

fPecial projects, make (1) a chart; (2) a plaster of Paris 
cast of a track; (3) a handmade lantern slide; (4) a working model; 
(5) an anatomical model; (6) a diorama. ® 

2 Analyze a motion picture film carefully to determine the length 
duplicate or review experiences pupils have 
k 1?^ provide experiences that could well be provided at 
experiences that could 
provided otherwise. Using the total cost of the film deter- 

pare 'etrTii,f 

viJnnf carefully and make plans to use it %visely. %vilh pro- 

is needed background (including firsthand experiences) 

eff"“ activitie. a‘’dd ,o .he 

“I'™*!™ md meaningful bulletin board display, 
t “ y»>» ^ence methods class. ^ 

5. Begin a file of flat pictures. 

d “n."® ‘^’’“'l‘'>”ard effectively including the mating of 

dragtams, straight smiting and printing. r 6 B 

*^at yon are to show a class a filmstrip or a set of slides. 
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Dale, Edgar, Audio-Visual Methods in Teaching, Dryden Press, New 
York, 2954. 

Dent, Ellsworth, Audio-Visual Handbook, Society for Visual Education, 
Inc., Chicago, 1949. 

Emmert, W., “Standards for Selecting and Evaluating Still Pictures,” 
Educational Screen, December, 1937. 

Heiss, E. D., Oboum, E. S., and Hoffman, E. W., Modern Science 
Teaching, Macmillan, New York, 1950. 

Hoban, G. F., Hoban, C. F. Jr., and Zismar, S. B., Visualizing the Cur- 
riculum, The Dryden Press, New York, 1944. 

McKown, H. C., and Roberts, A. B., Audio-Visual Aids to Instruction, 
McGraw-Hill, New York, 1949. 

Science Education in American Schools, Forty-sixth Yearbook of the 
National Society for the Study of Education, Part I, University of 
Chicago Press, Chicago, 1947. 
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iria teachers attempt a program without one and 
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SCIENCE TEXTBOOKS 

SnL“us 7 cMvL!“''’“°‘‘ '■■“ 8 '='’ S-“‘ly ” ‘l-e last century. 

chielly as a source of mformation, the textbook has today 
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become a course of study, a set of unit plans, and a learning guide as 
well. Once employed most commonly in the textbook-recitation 
method, it is today employed in many other and more stimulating ways. 

Structure and function of a science textbook. The modern science text 
is a complex publication. Its characteristics can be discovered only by 
careful study and by classroom use. The present-day textbook is usu- 
ally divided into sections which are roughly analogous to chapters. 
But these sections are more than chapters, they are unit plans built 
around specific topics. Thus a textbook becomes a course of study 
which may be used in its entirety or with such additions and deletions 
as a teacher may wish to make. 

The book invariably begins with an introductory section that may 
overview the contents of the book, attempt to define science, describe 
the scientific method, and illustrate the scientific attitude. Thus the 
book attempts to set the stage for the year’s program. 

Each section or unit opens with provision for some activity that 
readies the pupils for the work to follow. This might be a pretest to 
acquaint pupils with the extent of their knowledge. It may be a recall 
of past experiences to establish the foundation upon which later learn- 
ings will be built or a brief historical background to show the develop- 
ments that have led up to present knowledge. It may be a discussion 
designed to establish problems for the pupils to solve. 

The body of each section more closely resembles the body of a 
typical chapter. It provides printed information and is supplemented 
by photographs and drawings. Captions given with the illustrations 
may be informative, they may suggest ways to study the illustrations, 
or they may ask questions about them. 

Textbooks commonly mclode m the body of each section many sug- 
gestions for supplementary activities: experiments, demonstrations, 
readings and the like. These are tied in closely with the printed matter. 

Each unit ends with at least one special feature. There are always 
questions for self-evaluation. There may be a list of expected learnings 
and a list of technical words used. Commonly there are suggestions 
for additional experiments and projects. 

A few textbooks supplement each unit with material in bo.xes and 
with footnotes. The boxes may contain short biographical sketches of 
scientists or accounts of the history of specific scientific developments. 
Footnotes are used chiefly to give the meaning and pronunciation of 
technical words. 

Science textbooks invariably close with an index. Sometimes there is 
a glossary. Occasionally there is a concluding review section with pro- 
visions for self-evaluation. 
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Considerations in use of textbooks. Textbooks tend to be general and 
comprehensive. They must be ^vritten for nation-wide sale and there- 
fore deal only with topics of nation-wide interest. A teacher cannot 
depend upon a text for a complete program without sacrificing the 
contributions that may be made by the study of topics of local or im- 
mediate interest. 

Textbook editors, concerned lest their books be criticized for omit- 
ting material of interest to any potential buyer, encourage authors to 
touch upon every conceivable topic. Te.xtbooks therefore tend to con- 
tain more topics than a class can deal with adequately in one school 
year. Any attempt to “cover the text by June” results in superficiality. 
Teachers must learn to omit sections. 

The very inclusiveness of a text forces its authors to deal largely 
in generalities. They have not the space to deal adequately with the 
facts upon which the generalities are based, and they cannot point 
out exceptions and limitations. Neither do they have the space to 
discuss theories sufficiently, giving the evidence that supports the 
theories and the assumptions that are involved. In consequence, text- 
books give the impression that science is represented by an infinite 
body of known facts and unquestioned principles, rather than by a 
few facts, some doubtful conclusions, and many unsolved problems and 
unexplored areas. Teachers must learn to point out constantly the 
distinction between what is certain, what is doubtful, and what is 
completely unknown. 

Textbook authors have an unfortunate habit, perhaps encouraged 
by editors, of giving the outcomes of all experiments and the solutions 
to all problems. The teacher who wishes to give his pupils practice 
in problem solving cannot depend upon the te.xt for this function, but 
must encourage pupils to raise their own problems and find ways to 
solve them. 

In using a text, a teacher must give consideration to the reading 
level of his pupils. As shown in chapter two, the range in a group may 
e some pupils read with difficulty and are reluctant to turn 

0 00 s. Advanced readers, of course, can use texts from the begin- 
ning. Retarded readers will need special help. 

Using unit introductions. Authors of textbooks design the introductions 
of the units to stimulate curiosity and establish problems. Such motiva- 
tion IS far superior to plunging pupils into a study of material for which 
t ey see no purpose. The introductions given in the textbooks cannot 
be considered as ideal. Authors are handicapped in preparing these 
introductions. They must write for nation-wide usage and cannot take 
advantage of strictly local or momentary conditions. In consequence, 
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there arc usually more satisfactory introductions that can be devised 
by a teacher to fit his local situation. 

A reference to a local event or condition in which pupils are in- 
terested may stimulate a lively discussion out of which grow problems 
pupils are anxious to solve. At other times, a demonstration, a field 
trip or a film may produce strong interest. The teacher will do well 
to examine each unit introduction carefully and try to devise a more 
challenging approach. Perhaps he will find such a substitute but some- 
times he may find the textbook approach ideally fitted for his specific 
needs. Sometimes the textbook introduction has more value after the 
teachers own introduction and may follow closely afterwards. Some- 
times it can be assigned as special reading or used during the review 
and summary that ends the unit. 

The problems with which an author opens a unit need careful ex- 
amination also. These problems are necessarily broad and may be far 
removed from the lives of the pupils. Many of them are useful in the 
local situation. Others have little value and can well be replaced by 
problems that apply directly to the interests and needs of the pupils. 

The textbook unit was headed, “How do communities get their water 
supply?” and was introduced by a general discussion of the need for safe 
drinking water in large quantities. Mr. Foster changed the problem to 
“How does PottsviUe get its drinking water?” He introduced the unit with 
a trip to the water treatment plant, and set up sub-problems in terms of 
the observations made on the trip. 

Reading-recitation techniques. This is probably the oldest of the 
techniques used with textbooks. It was once used so extensively that 
it was titled the “textbook-recitation method.” As the term indicates, 
pupils read a section of the textbook and then recite their learnings. 
Employed occasionally for brief periods it can be effective. Employed 
indiscriminately day after day, as it once was, it stifles individual ini- 
tiative and kills interest. 

Reading-recitation may be used to emphasize sections of the te.xt 
that are considered highly important, and should be reser\’ed for this 
use. To employ it for trivial information reduces its effectiveness in 
other situations. 

The teacher should be certain that the material to be read can he 
interpreted by the pupils, so that their time is not wasted. If the 
language is too difficult or the ideas too complex, other forms of pres- 
entation should be employed instead. Sometimes it is advantageous 
to use the reading-recitation technique near the close of a unit, when 
the pupils have gained a suitable vocabulary and an adequate back- 
ground for understanding. 
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Instead of following the reading of the text by pupil recitation or by 
01 al questioning, a teacher may find group discussion more profitable. 

A pupil may recite on what he read, then other pupils comment on his 
statements, describe their related experiences, and criticize the gener- 
alities given in the book. Commonly from these discussions of the in- 
formation given in the book arise problems that the pupils are anxious 
to solve. 

Pupil presentalions of textbook material. A teacher may delegate to 
a group of pupils the responsibility for presenting a section of a text- 
book unit to their classmates. The pupils use the same demonstrations, 
perhaps supplemented by additional ones, and charts or models based 
on textbook illustrations. They call for textbook readings and assign 
special problems. 

Occasionally a full unit lends itself to division into sections each of 
which can be assigned to a group. 

Mr. Kenny divided his physics class into six sections for the study of simple 
machines. Each group was assigned one section of the textbook unit with 
instructions to prepare a presentation for the class. The pupils followed 
the pattern of the text, using demonstrations, experiments, charts and film 
strips Each group worked out problems on the blackboard, assigned prob- 
lems and corrected them, and prepared a final quiz. 

Reading assignments in the textbook. Teachers customarily make 
uniform reading assignments in the basic textbook. There are times 
when these assignments are justified. The material covered by the 
assignment should be of high importance to all pupils. The pupils 
s ou recognize the importance of the material and desire to read 
a It- The language and the ideas presented should be simple 
enough for all pupils to be able to interpret. Unless these three condi- 
lons are met, the reading assignment is apt to waste pupil time and 
discourage interest. 

Reading assignments are more profitable if pupils know in advance 
What information they are supposed to be finding. The teacher may 
r ‘ questions to be answered. The questions help the 
pupils sift from the mass of details the items that the teacher considers 
most important. When possible the assignment should be based on a 
problem which the pupils are anxious to solve. The pupils themselves 
may prepare a list of questions to be answered by the reading. 

Assignments need not be uniform. Individuals or groups may be 
pven different lists of questions to answer. These pupils then report 
back to the class on their findings which they attempt to make mean- 
ingful by explanations and visual aids of various types, including the 
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illustrations in the textbook. Later during review all pupils may be 
expected to read the same section. This practice helps pupils gain 
the necessary vocabulary and background to understand the assigned 
material. 

Using suggestions for demonstrations and other activities. When a 
textbook gives directions for demonstrations, experiments and similar 
activities, it is possible for the pupils to work with a minimum of 
guidance from the teacher. In some instances, each pupil working 
alone or with others may carry out the directions. Sometimes it is 
belter to ask groups to set up equipment and present demonstrations 
to the class. In this last case, one group may work apart from the class 
during class lime or it may work during free time to make prepara- 
tions. Occasionally, u‘hen there are enough suggestions, the class mdy 
he broken into groups, each of which presents a demonstration. 

It is unfortunate that most authors give the outcomes for the ex- 
periments suggested by their books. By doing so they make impossible 
the discovery approach to science with these particular activities. A 
teacher may, however, think of variations on the suggested e.xperi- 
ments and thus encourage activities in which the outcome is not known. 

The textbook suggested that a metal can be filled xoith a mixture of water, 
ice, and salt to produce condensation on the exterior and thus show that 
cooling the air sufficiently causes condensation. After the demonstration 
and the following discussion during which pupils stated the expected prin- 
ciple, the teacher interjected, '"Maybe the water soaked through the can 
somehow." Though the pupils did not think that it did, they were chal- 
lenged to set up on experiment to see whether such might be the true 
explanation. 

Using the illustrations. The illustrations in a textbook arc commonly 
among its strongest features and should be utilized as fully as possible. 
Many photographs and diagrams deserx'e extended attention with dis- 
cussion of details and applications. 

Sometimes an illustration can l>e used to cslaldisli a problem for 
solution. Perhaps the pupils want to know how a ricvicc operates or 
pcrliaps tliey can be cliallcnged to find out why a certain reaction oc- 
curs. Photographs showing unusual arlaptalions of organisms may 
stimulate pupils to do further reading almut llie life liistor{i*s of the 
organisms. The illustrations m."!)' show applications of principles 
learned in class work and pjipils may be encouragttl to discover how 
the principles apply. 
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for better control of the discussion. Pupils may sometimes take the 
responsibility for the presentation. 

The textbook showed an ilhistration of a concert harp. Georgianna, whose 
aunt played this instrument, volunteered to explain the photograph. She 
ii'-cd an opaque projector to give an enlarged image on the screen and then 
>mted out the pegs for timing the harp and the pedals used for changing 
the key of the harp. 

The illustrations may be used during review. As the pages of the 
text are turned, the teacher calls on the pupils to explain certain fea- 
tures in each illustration. 


Utilizing historical and biographical sketches. Some science educators 
believe that a knowledge of the historical backgrounds of science 
gives increased knowledge of the present day status of science. Some 
go so far as to recommend a recapitulation of the major developments 
of science. Generally the sketches given in textbooks arc too brief to 
paint vivid pictures. These may be used as beginning points from 
which interested pupils go to encyclopedias, biographies, and books 
on the history of science. 


Textbooks as references. Textbooks may be used for references, but 
usually the information contained in them is condensed and general. 
If the books are so used it is best to encourage pupils to follow their 
fadings in the text with references to encyclopedias and specialized 
ooks or articles. The text helps them gain an overview of the topic. 

Textbooks for summory and review. This is one of the strongest uses 
0 the textbook. After a unit has been completed, and the pupils have 
ta en several field trips, carried out many experiments, and looked at 
numerous visual aids, the textbook brings together their learnings and 
summarizes them in meaningful fashion. 


A textbook lesson. The following is an illustration of the way in which 
a physics teacher built a complete lesson about a section of the text- 
00 . t IS given as an example of one of the many uses of the text but 
not as a recommendation for daUy practice. 


^**^^*? ^sked his class to review the textbook material on the energy 
relations involved in evaporation and condensation. He opened the class 
period with a hrief test to focus attention on this topic. He turned next to 
the sublet of the day’s lesson-mechanical refrigeration. He drew attention 
j 0 '■c/rigerafing unit he had taken from a discarded refrigerator and 
helped the pupils visualize its location in the cabinet by reference to a 
large chart of a refrigerator. 
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Mr. Austin then directed the pupils to open their textbooks to the appro- 
priate section. Because he considered the subject difficult, he asked the 
pupils to take turns reading the section aloud while he pointed out on the 
chart and the actual unit each structure as it was referred to. He also asked 
the pupils to find the same strtictures on the diagram in their texts. 

Brief questioning quickly revealed a number of uncertainties despite the 
care he had used to deal with the topic. This led to a general discussion 
and frequent references to the text. To make a final summary one pupil 
reread the section aloud while another pointed out the structures on the 
chart. 

Mr. Austin described the variations that could be expected in home re- 
frigerators. He asked the pupils to take their textbooks home with them and 
compare the diagram and information given with the refrigerators in their 
kitchens. 

He then raised the topic of other applications of mechanical refrigeration. 
Among those suggested was air conditioning. A brief discussion of this 
last topic raised several questions that interested the pupils. Mr. Austin 
asked the pupils to read about this topic in their textbooks as a background 
for the next day’s work. 

Helping retarded readers with the textboak. Were science textbooks 
written for the norm of the grade in which they were to be used, the 
half of the pupils below the norm would have trouble with the books. 
Some could not read the books at all; others would have difficulty with 
them; many would use the books reluctantly. 

There is some evidence that textbooks are truly difficult. A recent 
study of physics textbooks brought forth the following conclusions: 

1. The reading levels of many textbooks are too advanced for the 
students for whom they are written. 

2. The failure of many students to achieve in sub/ect-matter areas can 
be caused partly by the levels of reading dijficulty of the textbooks 
in these areas. 

3. The levels of reading difficulty of textbooks within any subject- 
matter area differ greatly. 

4. Teachers should select textbooks using the levels of reading diffi- 
culty as a criterion. 

5. Publishers need to take greater cognizance of the levels of reading 
difficulty of the textbooks they produce.^ 

Pending further investigations it seems reasonable to extend these 
conclusions to apply to other texts. Authors of science textbooks are 
rarely reading specialists; they use a technical vocabulary and concise 
writing that causes difficulty for young readers. It is to be expected 

* ^fa}Iinson. Georee G.. Stum). IJaroJd E., and Mallfnson, Lois M- ‘The 

Reading Difficulty of Textbooks for High School Physics.” Science Education, 

February, 1952. 
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to all of tlicm.^ Choice must usually be based, therefore, upon the re- 
maining difFcrcnces. 

The following factors sliould be considered in evaluating content: 
(1) the content sliould be appropriate for the age level and experience 
backgrounds of the pupils; (2) the concepts should not be too complex 
for the maturity of the pupils; (3) the content should be consistent with 
the pupils’ needs and interests; (4) the content should conform with 
any state or local syllabi that must be followed; (5) the statements 
must be accurate.® To these may be added a sixth point: (6) the con- 
tent should reflect the unknowns and uncertainties in science as well as 
the knowns. 

2. Organization. Two distinct types of organization are seen in 
secondary school science books.^ In the type using logical organiza- 
tion, concepts and principles are developed in the way that a well 
educated person might organize them; this is the form usually seen in 
college texts and in high school physics and chemistry texts. In the 
type using psychological organization, the attempt is made to present 
the material in the order that would be most meaningful to pupils for 
whom it is designed; many general science and biology texts have 
been given this type of organization. 

Books with a psychological organization may be differentiated ac- 
cording to the nature of the learning segments. Some books use en- 
vironmental units; some use problem units.*-* Ideally, a textbook 
should agree with the organization used for the course of study. Other- 
wise it may be somewhat awkward to refer to readily. 

3. Literary style and vocabulary. Literary style has much to do 
with the readability of a book. Although style is difficult to judge, 
some points to be looked for axe; (1) length of sentences; (2) direct- 
ness of sentences; (3) number of ideas per sentence; (4) use of lead 
sentences for paragraphs; (5) presence or absence of irrelevant 
thoughts; (6) continuity of thought. 

Vocabulary lends itself to objective consideration and several studies 
have been carried out. Curtis summarized the results of ninety-nine 
investigations as follows: 


2 Miller, David F., and Blaydes, Glenn W., Methods and Materials for 
Teaching Biological Sciences, McGraw-Hill, Nov York, 1938. 

® Mallinson, George G., “How to Use the Textbook in Science Teaching,” 
School Science and Mathematics, November, 1953. 

* Groins, William F., “Science Textbook Needs in High Schools,” The Science 
Teacher, March, 1953. , 

® Hoff, Arthur G., Secondary School Science Teaching. Blakiston, Phna- 


delphia. 1950. , 

® Heiss Elwood, ef al., Modem Science Teaching, Macmillan, 


New York, 


1954. 
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pearance: artistry of cover, durability of binding, size of the book, 
quality of paper, length of line, and size and legibility of type.® The 
book should have an attractive over-all appearance. The cover design 
and the color of the binding should be attractive. The size of the book 
may have unsuspected psychological implications. If the book is 
poorly proportioned, too long and narrow or too short and thick, it 
will be unappealing. If the book is excessively large, its mere en- 
cyclopedic bulk is likely to make the student feel that it will be dull 
and difficult reading. During the past few decades, science textbooks 
have increased tremendously in size.*® The trend today, however, is 
toward texts which are less encyclopedic and more functional in every- 
day life.** 

The length of line and the size and legibility of type are important 
mechanical factors that determine the ease and comfort with which 
the text may be read. If the book is rather wide, the double-column 
page will probably be more attractive. Ample space should be left 
between lines to provide for ease in reading. The type should be 
sharp and printed on a good quality paper, 

Factors of little importance in choosing a text. As previously men- 
tioned, the educational rank and reputation of the author should not 
be one of the criteria used in evaluating the text. This should not be 
interpreted to mean that noted science educators do not usually write 
good books, but rather that a book should not be excluded from con- 
sideration merely because its author is not well known. It should be 
noted that the present trend is for teams of authors rather than a 
single author for science textbooks.** A team of authors, especially 
if it consists of experts on subject matter as well as experts on the psy- 
chology of education, often produce a better text than could a single 
author. 

The Thirtieth Yearbook of the National Society for the Study of 
Education lists some of the factors which should not be considered in 
selecting a textbook.*® The prestige of the publisher should not be 
considered. The yearbook points out that wide use of a text is not 
necessarily a good criterion for selecting a textbook. Even though it 
may serve well in many schools, it may not satisfy the needs of an in- 

® Hunter, George W., Science Teaching. American Book, New York, 1934. 

St. Lawrence, Francis, “Are Heavy Textbooks Necessary?” Science 
Teacher, March, 1951. 

Nelson, V. R., and Brown, S. B., "Perceptible Changes in Science Edu- 
cation— 1934,” School Science and itathematict, December, 1954. 

Ibid. 

** The Textbook in American Education, Part 11, Thirtieth Yearbook of the 
National Society for the Study of Education, University of Chicago Press, 
Chicago, 1931. 
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dividual school. The cost, although it must of necessity be considered, 
should not be overemphasized in selecting a textbook. A cheap text- 
book which proves unsatisfactory and must be discarded after a very 
short period of use actually costs more in the long run than a more 
expensive book that can be used for many years. 

The score-card method of evaluating textbooks. Various score cards 
and check lists have been devised to make the selection of textbooks 
as objective as possible. All the major factors considered important in 
evaluating textbooks are listed and assigned a certain number of 
points to establish the relative weight of each. Sometimes the major 
items are broken into specifics, each with its own point value. After 
a te.xtbook has been rated according to this list, its total score may be 
compared with that of other textbooks. 

One example of a score card for textbook evaluation is the following; 


Feints 

1. Educational tank of author 50 

2. Mechanical make-un and cost 100 

3. Psychological soundness 300 

4. Subject matter 250 

5. Literary style HO 

0. Learning exercises 140 

7. Teacher^s helps 50 

Total 1000 


Another kind of score card, designed to speed up the process of 
c\alu.ition, is the spot check” method, illustrated by Vogel’s Spot 
Check Evaluation Scale (pages 232-233). On this score card, each 
Item h;i.s been assigned a maximum value of two points. 

Obviously the use of a score card is not truly objective, because each 
stparate item is judged subjectively. It does have the advantage of 
systematically directing the evaluator’s attention to each of the factors 
considered important. Some degree of objectivity is introduced in the 
totaling of the points. 

The danger in the use of score cards comes with the attempts to 
compare )oo s by their scores. Some important points may hav'e been 
Ignored in constructing the card; others are too intangible to be defined. 

ic on \ rta test of whether a textbook will serve satisfactorily in the 
classroom is actual use. 


T«-oc/./ng. American Dook, New York. 1934. 
T “ Ti c ^ Cljcsk Evaluation Scale for Hicli Scliool Science 

TcxtlKwls. The Sofnee Teacher. Martli, 1931 . ' 
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SCIENCE NOTEBOOKS 

The science notebook is a valuable teaching device, suitable for a wide 
range of interests and abilities. At its best, it is a place to keep 
records, a summarization of learnings, an exercise in organization, a 
medium for self-expression, an indication of progress, and an accom- 
plishment in which to take pride. 

That notebooks seem at limes to have little or no value, that they 
are commonly viewed with distaste by teachers and pupils alike, is 
not the fault of the notebooks. Any teaching device improperly used 
may be of more harm than good. 

Functions of the science notebook. By tradition, the chief function of 
a notebook is to keep records. In it are to be kept records of experi- 
ments and of observations in field and classroom. Notes made of pres- 
entations by the teacher or by pupils, of assigned and voluntary read- 
ings, and of films and slides find a logical niche in the science notebook. 
The notebook is also a satisfactory place to keep duplicated material 
given out by the teacher, corrected test papers, assigned book reports, 
and other papers. 

The task of keeping this material in order gives the pupils many op- 
portunities to organize their learnings. As they prepare summary sheets 
for each unit and a table of contents for the entire notebook, they see 
the development of the program, topic by topic, unit by unit. 

The notebook is a device for review. As pupils keep the material 
up to date and in proper order they constantly review the work they 
have done. Before tests, they find in the notebook the material on 
which they are to be tested. 

According to more modern usage, the notebook may be a medium 
for self-expression. For supplementation of assigned work, a pupil may 
write in the notebook original stories, essays, poems and playlets. He 
may make diagrams, sketches, cartoons, and paintings as his particular 
interests and talents dictate. He may en/oy pasting in clippings, a 
form of self-expression favored by many pupils. 

Finally, the science notebook may become tangible evidence of 
progress. As the notebook thickens, topic by topic, and unit by unit, 
pupils recognize that their learnings arc growing too. The final note- 
book or any one of its sections may be a project in which a pupil takes 
great pride, winning with it the approval of his fellows and the com- 
mendations of his teacher. And the quality of the contents of a note- 
book give the teacher another measure of the interest, efforts, and 
achievements of its maker. 
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A science notebook may not be all these things to all pupils. Some 
brilliant pupils are understandably impatient with the routine of 
keeping a notebook. Some academically retarded pupils may find no 
satisfaction in any of the activities involved. All pupils react differently 
to notebooks. For this reason, notebook requirements must be as 
flexible as everything else in the science program. 


Providing for notebook work. It is well to specify at the beginning of 
a program the exact form of the notebook that will be used. Left to 
themselves, pupils bring in a variety of shapes, sizes and types. Some 
of these notebooks are difficult to adapt to the requirements of a good 
notebook program. ® 

A loose-leaf notebook is essential for the addition of new material 
trom time to time and for the occasional reorganization of the old 
materia . Spiral notebooks and composition books permit no flexibility; 
materials must be left in the order in which they L entered, 
the ndrlv" inches by 11 inches, is convenient for 

are provided by the teacher, which 

books miiitl “dded to smaller note- 

books must he folded and make awkward inclusions. 
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couraging notebook work. A small supply of lined and unlined paper 
and some gummed ring reinforcements are needed for pupils who use 
up their own supply or forget to bring enough. A pile of old maga> 
zines, several pairs of scissors, and a plentiful supply of paste provide 
pupils with clippings for their notebooks. Colored pencils and crayons 
enable pupils to add color to their drawings. And if possible, a teacher 
should provide a paper punch to make holes in the specified covers 
and in the inserted material. 

The basic notebook. Adolescents being what they are, few of them 
undertake notebooks voluntarily. A teacher must provide the initial 
impetus by requiring a certain minimum amount of work. As the unit 
progresses he may offer numerous suggestions for supplementing the 
required work, and he may occasionally provide time for such optional 
work. 

The teacher outlines the minimum content of the notebooks as he 
makes his unit plans. Most of the required material is closely asso- 
ciated with the basic activities he expects all pupils to carry out. He 
may require records of assigned experiments, planned demonstrations, 
and general field work. He may require short written explanations of 
devices or phenomena considered by the class as a whole. In addition, 
he may demand a table of contents and a concluding summary of 
learnings. 

The basic notebook should be made as interesting as possible. It 
should never represent drudgery. Too often pupils come to hate note- 
book work because they are forced to do endless copying of trivial 
and useless material. Much record keeping can be made interesting 
through varying the procedures. Commonly demonstrations are best 
Tecxrrded by diagrams suppiemCT»\ed by labels and captions. Tables 
and graphs are often the most effective ways for recording data ob- 
tained from experiments and field observations. 

The teacher may dictate the form of the records used in the basic 
notebook. Or he may permit the class to work out the form to be 
adopted for a specific experiment or field study. The teacher may 
give out duplicated sheets on which there are diagrams to label, tables 
to fill in, or squared sections for graph making. On occasion, when a 
certain point seems especially important, the teacher may dictate or 
write an explanation on the blackboard for pupils to copy, or give out 
the statement on duplicated sheets. More worthwhile, if uniformity of 
expression and thinking is desired, he may permit the class to formulate 
the statements to be copied into the notebooks. 

Generally, class time is used for work on the basic notebook. At the 
conclusion of a demonstration or axperimenl, or after a discussion. 
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pupils are given several minutes to make the required drawings and 
write out their observations, conclusions and explanations. 

Some teachers make extensive use of work sheets. These are similar 
to pages found in workbooks. They contain directions for activities, 
blanks to be filled in, spaces for diagrams or diagrams to be labeled, 
and questions to be answered. These work sheets are useful for gen- 
eia! assignments, although their use may be overdone. The finished 
work sheets should become part of the notebooks. 

Pupils may be asked to carry out certain uniform assignments at 
lome or in study hall. These may be based on prepared question 
jeets, on textbook readings or questions, or on library assignments. 
The teacher may permit flexibility in the basic notebook. He may pre- 
pare a list of possible assignments and permit pupils to choose from 
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framework upon which pupils may build as they wish. Many pupils 
find great satisfaction in notebook activities and display enthusiasm 
and initiative in their work. Other pupils develop little interest in 
their notebooks. Some liave diflicultj' in completing minimum assign- 
ments. A teacher should recognize these differences in individuals and 
not expect high quality work from eacli. On the other hand he can 
always try to encourage increased efforts in hopes that his pupils will 
discover and take pride in unsuspected talents. 

Optional work is stimulated by providing time early in each unit. 

Each year, as Mr. Watsons seventh grade began the study of “Water In 
Our Lives," Mr, Watson set aside half of the fotirth or fifth lesson for note- 
book work. He brought info the cfnssrooni a pile of popular mngastnes, 
scissors, and paste. He asked the pupils to find pictures of the uses of 
water to clip and put in their notebooks. 

At the end of the period, after materials had been put away, Mr. Watson 
explained that pupils could look at home for more clippings to be added 
to the notebooks. He also mentioned that pupils could make drawings or 
paintings and asked for suggestions of subjects. Few pupils ever failed to 
respond to this approach. Many added dozens of clippings to their note- 
books. Some copied diagrams from texts and encyclopedias. Others made 
colored drawings. 

This same technique of starting all pupils on a specific activity may 
be used in other ways. 

During a unit on astronomy, Mr. Watson asked his eighth grade pupib 
to make cartoons showing conditions encountered by the first men to land 
on the moon. Each pupil made at least one cartoon, but many made whole 
sections of cartoons and some used cartoons when doing notebook work 
for other units. 

Color has strong appeal. Many pupils who take little interest in a 
black and white notebook become enthusiastic about the same type 
of work when color is added. 

As his seventh grade pupils made their first notebook diagrams of the year, 
Mr. Watson would walk about the room giving praise and encouragement. 
Finally he would select one pupil and suggest that he use a red pencil to 
moke arrows more promient. 

Once this diagram was completed, he would ask the pupil to display it 
to the class. Other pupils invariably wanted to use colored pencils too and 
from then on their notebooks became much more colorful. 

Title pages permit pupils to exercise a certain amount of individuality. 
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Near the close of each mit. Miss Thompson gave her pupils time to pre- 
pare a title page for the notebook work on the mil. She never dictated 
the form of the page but she did suggest that the decorations be m keeping 
tvith the content of the unit. , i j. 

Many novel and interesting motifs were worked out and displayed to 
the class. Sometimes pupils toho had previously shown little interest in 
their notebooks became interested in adding more material to maintain the 
standard established. 

Pupils are sometimes stimulated by seeing what other pupils have 
done. 

At the end of each unit, Miss Harrington customarily chose the two best 
notebooks from each of her five sections. She put these on display and 
allowed pupils to look at them during class time. Thus the pupils who 
had made the notebooks received recognition and others benefited by the 
content and by the suggestions for material to be included. 

Types of optional work that pupils may be encouraged to put in 
their notebooks include: 

1. Decorated covers 

2. Decorated title pages 

3. Expansions of assigned work 

4. Reports of optional experiments 

5. Reports of optional field observations 

6. Reports of problems worked out at home 

7. Clippings of pictures and articles 

8. Drawings and paintings 

9. Cartoons 

10. Original poems and stories 

11. Clippings of poems and stories 

12. Diagrams made from actual observations 

13. Diagrams copied from books 

14. Lists of applications or other items 

15. Book and film reviews 

Giving recognition for notebook work. Mention has already been 
made of one teacher’s method of recognizing superior notebook work 
by selecting and displaying the two best notebooks from each section. 

A number of other techniques may be used. The teacher may write 
favorable comments in the margins and commend pupils in private 
conversation. The teacher may call attention to excellent sections of 
notebooks during class time, reading selections or asking the pupils 
who prepared them to read selections. Materials that lend them- 
selves to display may be made the subject of bulletin board exhibits. 
An unusual notebook may be partly separated and displayed in a 
show case. 
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There is a natural tendency to reward quantity instead of quality, 
A teacher should form the habit of looking for original work, for un- 
usual activities, and for careful organization. Public commendation 
for these qualities encourages other pupils to follow the same pattern 
and to some e.vtent explains to pupils ^vho have spent hours gather- 
ing unrelated materials why they have not been selected for special 
attention. 

Grades for notebooks represent part of the reward given for special 
effort. All notebooks should be graded. However, the teacher should 
remember that notebook work is not a goal of science education. 
Rather it is a means by which pupils can be helped to develop them- 
selves. Some pupils benefit greatly from notebook work; others, little. 

The basic notebook material may be graded in terms of complete- 
ness, neatness, and conformity to the pattern of organization. It cannot 
be graded on quality because this has been determined by the teacher, 
All pupils should receive a grade on this material. Optional material 
may well be graded separately. Or optional material may be used to 
increase the grade given for the basic notebook. Pupils should be 
given some understanding of the standards used in grading this 
material. 


SCIBNCB WORKBOOKS 

Workbooks are categorically condemned by many leaders in educa- 
tion, but sales continue to mount. Their popularity is certainly due 
less to high teaching value than to convenience. On the other hand, 
blanket condemnation is not entirely deserved; workbooks do have cer- 
tain assets upon which teachers can capitalize. 

Workbooks vary greatly in content and organization. At one ex- 
treme are workbooks that reprint pages of associated textbooks, re- 
placing key words with blanks that are to be filled in by pupils after 
reading their te,\ts. These are the workbooks that have given the 
species a bad name. Their only function is to keep pupils busy; the 
harm they do in disgusting pupils with science cannot be estimated. 

At the other extreme are workbooks that make provision for many 
different types of activities— forms for reporting data, diagrams to be 
labeled, blank spaces for sketches and clippings, suggestions for sup- 
plementary work, study guides for reading assignments, and self-test- 
ing devices. Sometimes in addition the teacher is provided with pads 
of tests, one per pupil, to be used in evTiluating pupil achievement. 

Workbooks of the latter type ser\'e as a combined course of study, a 
study guide, and a record book. As a course of study it shows the 
pupil where he has been ami where lie is going; as a study guide it 
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gives him detailed instructions for his work; as a record book it gives 
him a convenient depository for his findings. 

Heavily burdened teachers find the better workbooks useful in con- 
serving time and energy. They are freed from the preparation of study 
outlines, work sheets and laboratory directions. They do not need to 
devise so many review and driU exercises. They find the standardized 
records easy to check. They are relieved of part of the burden of 
evaluation. The beginning teacher and the inadequately prepared 
teacher also find workbooks of value. They gain the security that 
comes from knowing exactly what to do next and from realizing that 
the pupils have been given adequate directions. 

Workbooks help pupils who are working under self-direction to 
study more effectively. Pupils who have missed time because of illness 
or from having left school prematurely can make up work without close 
supervision. 

For all their advantages, the limitations of workbooks must not be 
forgotten. Workbooks are relatively inflexible; the content is highly 
organized and cannot be altered easily. There is little or no provision 
for the inclusion of new materials. Unused sections offend both the 
pupils and the parents who buy the books. Workbooks are directed 
toward uniform outcomes; if they dominate the program, pupils have 
little opportunity to develop special interests and talents. Most serious 
oi all, workbooks deny pupils any participation in the planning process, 
any incentive to do independent work, any practice in formulating 
tneir own problems and any encouragement to do their own thinking. 

it is tar too easy for workbooks to dominate the program. The fol- 
lowing lesson was observed during a search for master teachers under 
whom to place cadet teachers. 


Mr. Andrews bronght his general science class to order and directed them 
thZZ r-ge 92. He ashed the pupils to read in turn 

^ ^ ^^^^Itons that they were supposed to have done as a 

ai^ianptJ Upon the completion of this activity Mr. Andrews 

ZZ ti f • F-”- next twenty minutes he sat at his desk 

Z^rh M ,rh^ inestions on these pages. 

Th" last ten minutes of the 
nnnthprfh ccfcmg the answers. The assignment was to work on 

another three pages of the workbook. 

rt,™ ‘•■■i use of workbooks is justifled but 

they should always be used with care. If they come to dominate the 
program they operate contrary to the major objectives of science 
education. Teachers who feel they must use them should work toward 
the day when they are completely free of them. 
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Suggested activities 

1. Review several science textbooks, making note of the special 
features that are provided by each. Apply the Vogel spot check test 
to one of these. 

2. Read a general science textbook completely. Apply one of the 
standard reading formulas to randomly selected portions of it to judge 
its reading level. 

3. Prepare an assignment sheet to help retarded readers use their 
textbook more effectively. 

4. Plan a fifteen-minute review based on the pictures in a text 
book unit. 

5. Review several science workbooks and decide what is the value 
of each and under what circumstances it can be used effectively. 

6. Plan one unit of a basic notebook which would be required of 
each pupil in a class. Also list suggestions for optional materids pupils 
might include. 


Suggested readings 
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Teaching, Macmillan, New York, 1950. 
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to a brief period called the "Scoutmasters Three Nfinutes.” This is 
sound advice for scoutmasters and is worthy of consideration by sci- 
ence teachers as well. Few individuals have the ability to hold an 
audience through the power of words alone. Not many science teachers 
can be included among the ranks of the fortunate. Strictly oral presen- 
tations in the classroom might well be limited to the “Science 
Teacher’s Three ^^inutes.” 

Giving directions for classroom activities. Tlie quality of the instruc- 
tions given for general class activities determines in part the effective- 
ness of the activities. Clear-cut and business-like instruction inspires 
respect. Knou’ing axactly what to do and what to look for, pupils are 
able to set to work immediately with assurance. Carelessly presented 
directions, on the other hand, tend to result in confusion. Pupils 
fumble, look about to see what others are doing, distract each other 
with whispers, annoy the teacher with questions, and use their uncer- 
tainties as an excuse for dallying. Serious discipline problems some- 
times arise. 

Mr. Langerford, student teacher in the seventh grade, directed his pupils 
to read pages 67 and 68 in the text book. A few pupils began reading 
immediately. Most of the others had forgotten the assignment by the time 
they had located their books. These last began asking the page numbers 
of each other, at first in whispers, then in undertones. 

At the same time several hands were up. Mr. Langerford began answer- 
ing the questions one by one. 

"What is it, Martha?" 

"Did you say page 67 or 68?" 

"Both pages, Martha. What do you want, TomF' 

"What pages did you say, Mr. Langerford?'’ 

"Pages 67 and 68, both. Yes, George." 

"What pages are we supposed to read?" 

Mr. Langerford’s voice became tinged with irritation. “/ fust told you three 
times. Don’t you ever listen? Pages 67 and 68!" 

George’s face reddened and several pupils tittered. Joe, whose book teas 
open, closed it conspicuously and asked in an innocent tone but with a 
smirk on his face, "What pages did ijou say, Mr. Langerford?” 

Experienced teachers avoid these situations. One teacher might 
direct his pupils to take out their textbooks and only after the books 
were ready would be give the page assignment. Another might write 
the page numbers on the blackboard and then make the assignment, 
referring to these numbers as he does so. 

Strictly oral directions arc satisfactory only for the simplest of 
activities. Few people can keep in mind a lengthy set of directions 
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after one hearing. Pupils need specific help in visualizing the pro- 
cedures they are to follow— printed directions, diagrams, charts and 
other types of visual aids. 

When two or more steps are involved, procedures may be written 
on the blackboard or printed on sheets to be given to each pupil. The 
directions may be drawn up by the teacher alone or they may be 
prepared by the pupils. 

A ienicT science class decided that each member should have practice in 
removing stains jrom clothing. First they listed the common types of stains. 
Then they divided into committees, each of which would investigate one 
type of stain, prepare directions for its removal, and set up an experiment 
in which the others could participate. Two girls volunteered to type up the 
directions for duplication. 

Visual aids are always useful for giving directions. A map helps 
pupils locate an item to be studied or defines the area in which a field 
study is to be confined. A diagram illustrates an electrical circuit to be 
wired. A photograph or slide shows what the final product of a con- 
struction activity should look like. 

The best visual aids are the actual materials that are to be used in 
the activity itself. 

Mr. Ries provided his biology pupils with printed sheets that gave direc- 
tions for pressing and mounting the plants they were to collect for study. 
Then he gave a demonstration, following the steps printed on the sheets, and 
using plants which he had collected to illustrate some of the problems the 
pupils might encounter. 

The lecture method. Lectures seem to have certain immediate advan- 
tages. A large amount of material can be covered in a single class 
period. Time needed for troublesome laboratory and field activities is 
reduced. Fewer books and other teaching materials must be pro- 
vided. 

The advantages seem so obvious that lecturing has always had strong 
in uence on teaching method. The extreme is reached in those uni- 
versity courses that are based entirely upon the lecture method. All 
that students need do is listen quietly, take notes, and assimilate the 
so lo^rally **''' has gathered so diligently and organized 

Unfortunately, the learning process is not so simple. The “pouring 
m met o is e ucationally unsound and cannot be recommended for 
the secondary school. Adolescents are too restless, too preoccupied 
with immediate problems, and too concerned with recognition by their 
fellows for purely passive learning. They are handicapped by the 
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limitations of oral communication— inadequate vocabularies and insuffi- 
cient experience backgrounds. They need meaningful experiences, 
active procedures, and self-identification with each new situation. 

Teachers should limit themselves to brief presentations, such as a 
short description of a process, a statement of fact, a narration of per- 
sonal experience. 

Mr. Bradshaw, who had been stationed on a Caribbean island as a 
meteorologist during his military service, was finding weather a difficult 
subject to teach to a class of eighth graders. Pupils had little enthusiasm 
for the topic. Then one day Mr. Bra^haw happened to say, “Once I saw 
what a hurricane can do. I was on an island in the Caribbean—" Almost 
immediately the class attitude reversed itself. 

Thus Mr. Bradshaw discovered by accident the most valuable func- 
tion of the oral presentation— the development of a vicarious experience. 
Mr. Bradshaw’s pupils were able to share with him in imagination his 
experiences with a hurricane. They then had a background that en- 
abled them to communicate with him. A teacher will find that his 
most effective oral presentations deal with his own experiences. He is 
able to supply the detail that makes the images vivid in the minds of 
his listeners. 

Any oral presentation is effective only to the degree with which 
satisfactory images are evoked. That is why slides, exhibits and 
demonstration materials are so helpful to a speaker. They help to 
make up for the limitations of words. Teachers should use them ex- 
tensively during any of their oral presentations. 

Guest speakers. Guest speakers contribute new points of view to the 
science program. They can answer questions with the authority of 
their experiences. They can supply details that are unavailable from 
the usual classroom resources. Potential guest speakers exist every- 
where. It is only necessary that an individual have had experiences in 
some field of science to be able to make contributions. A school janitor 
can talk about the school heating system. A nurse can describe aseptic 
procedures in a hospital. A parent can talk about his experiences flying 
an airplane. A pupil from another room can talk about model airplane 
engines. 

It must be remembered that individuals vary greatly in their ability 
to interest the adolescent audience. The most interesting speakers 
usually tell about their own experiences. It is sometimes desirable to 
encourage all speakers to do so. 

Mr. Fierce, the fire marshal, had aboiously prepared diligcnlty for his talk 
on fire prevention to the combined eighth grades of the local junior high 



It IS often hetter to ta\e pupils to a place tchere an expert can demonstrate 
Ins nomts with a^ual materiab than to invite the expert to pive a completely 
verbal presentation in the classroom. Few individuals have the power to hold 
an adolescent audience with words alone. 
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some instances it is wise to take the class to the speaker rather than the 
reverse if by so doing the speaker will have better facilities for illus- 
trating the points he intends to make. 

Mr. Morris had asked Mr. Dctling to speak to his physics class about 
making a reflecting telescope, since Mr. Detling had made a couple of his 
own. After thinking the matter oner he asked Mr. Detling if it might not be 
better to take the class to Mr. Deilings home where the pupils could see 
the materials which were used. Mr. Detling agreed and was able to give 
both the practice and the theory of telescope making. 

When extending an invitation to a guest speaker it is usually wise to 
make a specific request unless the speaker is known to be interesting 
to adolescent audiences. He may be asked to describe his experiences 
in a particular situation or to explain the operation of some well known 
device. He may also be asked to limit his talk to fifteen minutes to 
provide time for questions. Inexperienced speakers are usually grate- 
ful for such guidance. 

OUESHON-ANSWHfi TECHN/OUES 

Teachers use oral questions much more than they probably realize. It 
is not unusual for a teacher to spend more than half a period in interro- 
gation. Certainly questioning has a place in the science program but it 
is doubtful whether the allocation of so much time to one type of 
activity can be justified. Teachers should give serious consideration 
to the amount and type of questioning they use. 

Some functions of oral questioning. Oral questioning helps establish 
something of the experience backgrounds of the pupils and is especially 
useful at the beginning of each new topic. “Who has travelled in an 
airplane?” "Who has watched a pilot control an airplane?” "Who has 
seen an airplane take off?” “Who has seen an airplane land?” 

Such questions represent a form of pre-testing and will be referred to 
again in the chapter on Tests and Testing. The answers suggest the 
extent of the foundation upon which teachers can build. If this in- 
formation is especially critical, it may be well to phrase each question 
in both the positive and negative sense in order to determine which 
pupils lack experiences as well as those who have had them: “Who has 
watched a pilot control an airplane?” "Who has never had a chance to 
see a pilot control an airplane?” 

Oral questioning can be used to help pripHs recall past experiences 
that may be utilized during the progress of a unit. 
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Mr Bernstein held itp a fifteen-ampere fuse and asked his seventh grade, 
' r>' rs ant/one know what this is?* 

■veral hands went up. “It's a fuse” said one boy. 

■ That’s right,” said Mr. Bernstein. “How many of you have heard of 
, , Inc fuses before?' 

.'\H hands were raised. 

'hw many of you have seen electric fuses in your home?” 

'out half the hands went up. Three pupils described where electric 
's were located in their homes. 

' Who knows ivhat they do?’ 

several pupils were eager to talk. One girl told of the occasion she 
plugged in an electric toaster and caused a frightening spark and the ex- 
tinguishing of the lights in the kitchen. Another told of the time all the 
lights in the lower rooms of the house were out until an electrician could 
come to replace the fuses. 


Through his questioning Mr. Bernstein set the stage for a study of 
electric fuses. The pupils knew what a fuse looks like and they had 
some concept of its importance. Pupils who had seen fuses before or 
who had had e.xperiences with them were now thinking in terms of 
these experiences. Others had gained vicarious experiences with fuses 
through the narrations of their classmates. They all sensed the desir- 
ability for knowing more about them. 

Oral questions are valuable instruments for review and drill but care 
Should be taken not to overuse them in this capacity. Too few pupils 
can participate actively, and too many pupils are forced to sit quietly 
by. Mler a few minutes of brisk questioning the activity should be 
ended in favor of a different one. 

Oral questioning is not recommended for evaluation when the ques- 
ning IS (one in c ass. At best, each pupil can be asked only two or 
three questions It is difficult to formulate a large number of questions 
ntherJ* ' some pupils may benefit from the responses of 

Vidinl nn” f'! ^ occur. However, when indi- 

meflinrl possible, oral questioning gives an excellent 

will bn 1* P“P'* achievement This method of evaluation 

Mill be discussed in the next chapter. 

tn questions” are much used 

IT. Tyi^cally the teacher asks a 
teacher is suceestwl ^ ^’“P*** gucMing. If an answer acceptable to the 
swer i< riven^ri ” is introduced. Ifnoacceptablean- 

e r; VT answers to which 

lead step by step to the answer of the first question. 
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Mr. Milo's plans called for a discttssion of conditions on the moon. Pupils 
had mentioned the lack of air, plants and wafer. 

‘^Vhtj do yon suppose there's no iDater?' Mr. Milo asked. 

Several moments of silence. Then a girl asked somewhat hesitatingly, 
'*ls it because the sun is so hot it dries out the waterp^ 

Mr. Milo’s face became blank. “No^ he said shortly. “Doesn’t anyone 
else have an ideaP" 

The silence continued. 

“Well,” he asked, “What do you know about the size of the moon?” 

“It’s smaller than the earth,” several pupils shouted. 

“That’s right. Now doesn't that help you?” 

Silence resumed. 

“Well, what keeps the water on the earth?’' 

A few moments more of silence broken at last by one of the boys, “I guess 
it doesn't have any other place to go.” 

“Of course it does!” Mr. Milo exclaimed impatiently. “It could go o§ 
into space.” Then with a more hopeful expression, “What keeps you on 
the earth?” 

“Gravity!” shouted several pupils in evident relief. 

Mr. Milo’s vigorous nod was accompanied by a pleased smile. “Good! 
Now how about the water on the moon?” 

After a short silence one of the boys asked, “Isn't there gravity on the 
moon, too?” 

“Yes, of course, but how does it compare with gravity on the earth?’ 
Silence. 

“Think back. How about the size of the moon?’ 

Then a hand waved violently. 

“Yes, Jim.” 

“There’s less gravity on the moon. So the water flies off into space.” 

Mr. Milo beamed with pleasure. “That’s very good thinking, Jim.” 

The above technique of leaching can be likened to such games as 
“beast, bird, or fish” or “Twenty Questions,” except that it is not frankly 
labeled a guessing game. Indeed, because the questions of the teacher 
are finally ans^vered, the pupils assume that they have been thinking 
and the teacher assumes that he has been teaching. 

Formulating oral questions. Simplicity and directness are essential 
qualities of oral questions. Pupils have no opportunity to puzzle out 
the meanings of awk-Nvard and complex questions as they might were 
they reading them. They must grasp them immediately or not at all. 

The pupils must be familiar wlh all the words used. The presence 
of one strange word, such as superfluous or excessive, distracts them 
and they lose the sense of the remaining words. Science teachers arc 
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especially apt to forget the vocabulary limitations of boys and girls. 
Teachers are used to hearing and using words that are unfamiliar to the 
bulk of the population. Without thinking they often penalize a large 
number of their pupils by what is in effect excluding them from par- 
ticipation in the work of the class. 

Commonplace words can often be substituted for unfamiliar words, 
sometimes to the general improvement of the question: 

Original; What happens to the superfluous water in a leaf? 

Improved: What happens to the unused water in a leaf? 

Origina?; Why does a bottle of xvarm soda pop effervesce when opened? 
Improved: Why does a bottle of warm soda pop foam when it is 
opened? 

There are often good substitutes for technical words. Unless the 
technical word itself is considered important, it is usually \vell to make 
the substitution. 

Original: As your epidermis is worn away, how is it replaced? 

Improved. As your outer layer of skin is worn away, how is it 
replaced? 

Original: In what direction is light refracted as it passes from air to 
water? 

Improved: In what direction is light bent as it passes from air to 
water? 

When a concept is being tested and the knowledge of a word is 
considered essential in answering the question, there are in effect two 
things being tested with the same question. The question may well 
be divided to test each idea separately. 

Original; Where is the cambium layer in a tree trunk? 

Improved; Where is the growing region of a tree trunk? 

What is the growing region called? 

or 

What is the growing region of a tree trunk called? 

Where is the cambium layer in a tree trunk? 

Technical jargon should be avoided unless there is good reason for 
using it. 

Original; How can we measure the pH of the soil? 

Improved: How can we determine the acidity of the soil? 

Questions with inverted structure and dangling clauses should be 
avoided in favor of direct questions. 

Original; When more salt is added to a salt solution, what happens to 
the freezing temperature? 

Improved: What happens to Uie freezing temperature of a salt 
solution as more salt is added? 
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Original: If an air mass passes across the Great Lakes, what are its 
characteristics in winter? 

Ijnproved: What are the diaracteristics of an air mass that passes 
across the Great Lakes in winter? 

Hypothetical questions can become so Involved as the teacher tries 
to think of every eventuality that few pupils can follow them. The 
more comple.x: questions should be written out rather than given 
orally. 

Example: Suppose you owned a wood lot and you didn’t cut any trees 
for fifty years and you didn’t let cows graze in it, and 
tliere were no forest fires, what would the trees be like? 

Sometimes teachers think in terms of completion-type questions and 
use them in oral questioning. Pupils have considerable difficulty in 
visualizing the questions. 

Ortginnh Pollen is borne on the what? 

Improved: On what part of the flower is pollen borne? 

Original: The best way to make wood catch fire rapidly is blank. 

Improved; ^Vhat can you do to wood to make it catch fire rapidly? 

Original: Quartz crystals are formed from the what dissolved in 
grouna water? 

Improved: What is there dissolved in ground water that crystallizes 
to make quartz? 

Questions that can be answered by yes or no, or by any other either- 
or combination, require little or no thinking. If the first guess is not 
correct the second must be correct. Such questions have little value. 

Original; Does a fish give off carbon dioxide? 

Improved: What gas does a fish give off during respiration? 

Controlling quesfion-onswer situations. Insistence upon a few minor 
formalities can do much to maintain order during question-answer 
sessions. Even those e.xperienced teachers who seem to permit the 
utmost freedom in their classrooms demand respect while they are 
asking questions and listening to answers. Beginning teachers, who 
may not recognize the importance of the formalities, sometimes let the 
situation deteriorate. 

Pupils should learn that permission is needed for contributing an 
answer. Teachers should be consistent in acknowledging only those 
who request permission to speak. The usual signal asking permission to 
speak is the raised hand. Teadiers should always give this signal 
preference. If one pupil raises his hand and a second gives an answer 
without permission, the former should be recognized and the latter 
should be ignored no matter whether his answer is wrong or right. 
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Commonly several hands are raised at the same time. Usually it is 
best to give the pupil whose hand went up first the privilege of an- 
swering but the other pupils should be told why that particular selec- 
tion was made. If two or more hands are raised simultaneously, one 
pupil may be selected arbitrarily with the other ones being ac- 
knowledged. 

"I can see that both John and Mary are ready to answer my question. I’ll 

let John answer this one.” 

In most classes there are a few pupils who tend to dominate question- 
answer sessions. They should not be ignored as long as they raise 
their hands because they are cooperating completely w’ith the teacher. 
And yet a teacher usually wishes to bring other pupils into the picture. 
Tact is needed. 

"John, I see that you know the answer to this question, too. Let’s ask June 

to answer it and then you tell me if you agree with her.” 

To bring a non-participating pupil into the picture, the teacher may 
ask special questions that the pupil’s background enables him to an- 
swer better than anyone else. This technique counteracts his feeling of 
isolation and helps him become a member of the group. 

A question directed specifically to a pupil whose mind is obviously 
wandering will recall him to the activity at hand. This may prevent 
him from becoming engaged in some other activity that will disturb 
others in the class. 

Incorrect answers should be treated with the same courtesy as cor- 
rect answers. A teacher would be most unfair to condemn an answer 
arbitrarily merely because it was not what he expected. Perhaps the 
question was crudely stated and the pupil misinterpreted it. Or the 
have had true understanding but found oral expression of 
it difficult. Again, his answer might have been wholly or partially 
correct and the teacher might have been Nvrong. Sometimes there are 
actually two sets of correct ans>vers possible. And even if the pupil is 
comp etely wrong there is no excuse for sarcasm, scolding, or con- 
templuous comments. Everyone makes errors and holds wronir view- 
points. ° 

Chorus answers are undesirable. For one thing, if several pupils 
can shout an answer in unison with little reflection, the question is 
probably too simple to be worth asking. Secondly, acceptance of a 
chorus answer encourages habits of uncontrolled talking. Chorus 
answers can be discouraged by preceding each question with the name 
of the pupil who is to answer it. This notifies other pupils that a 
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selection has been made. This technique need be used only if pupils 
are in the habit of making chorus answers. 

Good questioning proceeds at a brisk pace. Active participation is 
limited to one pupil at a time; the others must sit quietly without much 
hope for expressing themselves. Should the questioning drag or the 
answers become involved, some pupils are certain to begin thinking of 
other things. 

Questioning is more effective if the questions have been written out 
beforehand. More attention can be given to the construction of the 
questions and to the type of answers expected. Less class time is 
needed for the teacher to state the questions. Some teachers write 
their questions on three-by-five cards, one to a card, which may then be 
organi2ed in any fashion and shuffled through quickly as needed. 

Every possible means should be used to encourage maximum par- 
ticipation. Questions should be given in clear, firm tones even when 
directed to nearby pupils, in order that all pupils be able to follow 
the line of questioning. Answers from pupils in front seats, often in- 
audible at the rear, should be repeated by tlie teacher so that pupils 
everywhere in the room can understand. The teacher should keep his 
eyes upon the class as a whole in order to recognize pupils who wish to 
contribute and to be alert for signs of inattention. He should be very 
careful not to allow himself to be drawn into a special discussion with 
one or two pupils or to allow a few pupils to dominate the activity. 

Question-answer sessions should be terminated before pupil atten- 
tion begins to shift. This is a type of activity that does not hold the 
attention of all pupils for very long. By the end of ten minutes the 
minds of most of the pupils will have wandered at one time or another 
and the numbers not paying attention at any one time %vill be rapidly 
increasing. Soon the numbers participating are too small to justify the 
time being spent and the ones not participating have become so many 
as to represent potential disciplinary trouble. 

CLASSROOM DISCUSSIONS 

By definition a discussion is a talking over of subjects from various 
points of view. As such, discussions have some important functions in 
the science program. Unfortunately, teachers often apply the term 
“discussion” to almost any type of talking in the classroom-question- 
ing, lecturing, stating procedures to be followed. They say. We will 
now discuss,” when they mean, “I am now going to lecture to you. 
They say, “Lei’s discuss how we will do the e.vpcriment,” meaning, 

“I will now tell you precisely what to do. When they say. Lets 
discuss our findings,” they mean, “I 'riU now tell you what conclusions 



254 


The techniques of science teaching 


to draw.” The remark, “Let’s discuss this new topic,” often means, 
“I will now ask you some questions and you will try to guess the 
answers.” 

Because of the lack of definitive thinking about discussions, teachers 
commonly fail to think through the puq>oses of the various types of 
verbal activities. They fail to take full advantage of these verbal 
activities and instead employ a great deal of time in purposeless con- 
versation, 

In a true classroom discussion, all pupils are free to express their 
viewpoints. This implies that pupils must first have a background that 
provides them with viewpoints. They cannot discuss something about 
which they know nothing. Secondly the definition implies that the 
teacher does not dictate or seek to influence the opinions of the pupils 
as he leads the discussion. If he does so, he is actually lecturing, no 
matter how well he disguises the act. 

True classroom discussions, though limited in application, have an 
essential place among science teaching techniques. Free discussion 
is the most effective means for raising problems that challenge pupils. 
Free discussion is ideal for verbal summaries. It is the only means for 

ringing about teacher-pupil planning. It is essential for consideration 
of controversial issues. 


Good Cliissroom discussions are not at all easy to conduct. It requires 
great skill to keep attention centered upon one point, without dis- 
couraging those who make irrelevant remarks, permitting a few pupils 
to mraopohre the conversation, or influencing opinion. Leading a 
profltahle classroom discussion is the most difflcnlt of all classroom 
techniques. 


in, tinting a unit with n discussion. Discussions are commonly used 
raU*' P“P'' activities. They are effective when they 

raise problems that the pupils believe to be worth solving. 

class°^An!l\ smoke, Mr, Thomas announced to his biology 
sure aho that 'n coming years. I am 

tni to hnd 07 1 various arguments against smoking. Let’s 

truth in them ^ ^ ‘ arguments to sec if there is any 

misintormntr! minutes the pupib volunteered such information and 

Z%t ■' about the 

2ro ZiookZnTLZr 
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Mr. Thomas mentioned a few sources of informaUon. ^ 

pressed on interest in further investigations. A S" 

Ip smoking beeause of ulcers said she would ash the 

did to her father. Her suggestion reminded pupds of tins source of 

^Telcussion ended in a planning session wUH 

investigate various aspects of the problem both by * 

with parents, doctors and insurance company representatives. 

Mr. Thomas made an ccellen. of a ^ 

adolescents. Many adolescents are resent being told 

of whether to smoke or for a^n op- 

that they must not smoke but y g xhe topic, as 

portunity to consider the severa asp q sufficient 

introduced hy Mr. Thomas, was one to ^ 

background to make true disc . P „ .j^ jiand the pupils 

some'of them had well.tome op.n^^^^^^^^ 

recognized their “' P desire to investigate farther, 

sufficient controversy to te generally make good topics for 

Controversial issues such as s current interest can 

problem-setting discussion pen • . Teachers may set up 

also be used to ‘Vor' « ut *0 initial prob- 

exciting demonstrations or P / 

lem-setting discussions. » 7 r j / 

Mrs. Harvey brought to school a 'f'eiTof the pupils had seen 

found in the country during t ie we ^ ^ ncst-though some of them 

such nests before Haroev gave each pupil a piece of the 

insisted it was a hees r\es . . ,7 The pupils described it as 

covering and asked for a origins. Then Mrs. Harveij cut 

paper-like and proposed ^interior. Some dead wasps found inside 

open the nest and displaife( ^rnnnd The pupils discussed the 

Le put in a glass dish ed for honey ecen 

possible function of the co , V P pupils then listed a number of 

,/.»< <hey womd Uhe .a i,.ces,igele. 

some teachers form P- h^^i^o 

discussion. This is not w“- ^ discussion to he prolitablo in tlic 

background or sufficient m er approaches to science that are 

early stages of a st;'''!;-/'-;; “ ‘'dtu” I- 
generally more v.alimble. Initial aisc 
Id only when conditions arc soilable. 
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Planning sessions. When pupils are to plan their activities with a 
minimum of guidance by the teacher, they need opportunities to talk 
over procedures, make decisions, and allot responsibilities. 

The city was suffering from a seriotis water shortage. Eighth grade pupils 
had heard so much about the problem, at home and tn the newspapers, that 
they showed a strong interest as soon as Mrs. Evans mentioned the topic. 
Nevertheless they had few concrete ideas about the causes for the shortage 
and knew Utile about either their own water supply system or the nature 
of water storage in general. 

Mrs. Evans suggested that the pupils list the questions thoy wotdd like 
to answer. She then suggested a general reading assigmnent in the text- 
book; the reading broadened the scope of the pupils’ thinking and resulted 
in the addition of more questions to the list. 

The pupils began making suggestions of things to do. Some suggested 
making a map showing the watershed, the storage reservoirs, and the aque- 
ducts taking water to the city. Pupils suggested asking the local newspaper 
for rainfall records. They suggested making a bulletin board display of 
pictfircs of the water system of the city. They suggested experiments and 
demonstrations taken from the textbook readings, and studies of the 
amounts of water needed for washing dishes, for taking baths, and for 
flushing toilets. Mrs. Ecens suggested meesuring the water lost through 
a dripping faucet. 

Thus the suggestions accumulated, some of them giving rise to new ques- 
tions to be answered. Finally, the pupils portioned out the tasks, each 
individual volunteering to work alone or with one or two others on a special 
project. 

The teacher who uses this technique for planning must be willing 
to permit his pupils to follow up their own suggestions. He may have 
plans of his own and he may make suggestions to amplify or round out 
the ideas of the pupils, but if he initiates the discussion fully deter- 
mined that the pupils will adopt the plans he has in mind, he is wast- 
ing time and energy in a hypocritical attempt to be “democratic.” 
Discussions of results. Group discussions of the significance of data 
can be among the most worthwhile activities of the science program. 
The pupils have gained comparable e.xperience backgrounds through 
their held or laboratory work and are now able to communicate effec- 
tive y wit eac i other. They are able to bring their collective judg- 
ment to ear on the problems, thinking through the issues, studying 
exceptiras and discrepancies, and qualifying the conclusions they 
make. Often they find so many weaknesses in their data that they are 
desirous of repeating their observations under more carefully controlled 
conditions. 
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During a laboratory exercise ninth grade pupils had tested the forces needed 
to draw loaded toy trucks up sloping boards. They had concluded that less 
force was needed to draw the trucks up the boards than to lift them 
directly. 

After doing some reading, hoioecer, they discovered that the mechanical 
advantages which they had determined did not agree with those the text- 
book obtained. Friction was obviously the causative factor and the pupils 
wanted to use the low friction metal rollers described in the text. After 
the pupils had used these rollers they were more satisfied with their results. 

The accumulated data now led to a consideration of efficiency and new 
problems arose. Efficiency seemed to increase as the slope increased; new 
experiments were planned to test this using various devices, metal rollers, 
toy trucks, blocks of wood, roller skates. 

Discussion of the results obtained in the first experiments gave these 
pupils an understanding of some of the factors that affected their 
data. They were then able to devise methods for refining their ex- 
periment. Even had they been unable to incorporate the refinements, 
they would have understood the need for qualifications of their con- 
clusions. 

It is through discussion of results that pupils best see the workings 
of the scientific method. Complex directions for highly refined ex- 
periments are apt to be followed in cook-book fashion with little 
appreciation for the refinements involved. But simple experiments 
with their obvious limitations enable pupils to put the scientific spirit 
in action. 

Discussions for summary and review. Generally teachers conduct 
reviews and oral summaries by question-answer techniques, because 
they prefer that the learnings be organized according to certain es- 
tablished patterns. If, however, a teacher is willing to let pupils de- 
velop their own form of organization on occasion, he may provide 
short periods of free discussion for this purpose. 

Pupils are usually capable of dealing with limited amounts of 
information, especially if these have been recently covered by class 
work. They may not have the maturity to conduct major summaries 
and reviews without aid. Therefore, during a major review, a teacher 
may provide an over-all pattern to guide the work and permit the 
pupils to deal with the segments of the outline as they wish. 

Mrs. Lowell occasionally employs what she calls "buzz sessions" for review 
purposes. She provides a list of topics making up the unit to he reviewed. 
The pupils work in groups of three or four, each group selecting a topic. In 
their "buzz sessions" the pupils decide what they have learned about the 
topic. Later, they report to the class and stand ready to answer questions. 
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Techniques for leading discussions. During a classroom discussion 
the teacher serves as moderator. In brief his duties are as follows: 

1. To keep the discussion moving 

2. To keep the discussion pertinent to the topic under consideration 

3. To encourage all pupils to participate 

4. To keep some pupils from dominating the conversation 

5. To acknowledge all contributions 

6. To reject irrelevant comments without giving offense 

7. To summarize frequently and keep the picture clear 

8. To end the discussion when interest begins to wane. 

A discussion leader must be able to handle many different 1)^505 of 
situations with tact and diplomacy. When several pupils wish to speak 
at once it is his task to select one without discouraging the others. He 
must be able to listen to rambling and irrelevant discourses with 
pahence, end them as promptly as possible without discourtesy, and 
then steer attention back into proper channels. 

The nature of the topic has much to do with the success or failure of 
a discussion. Some topics lend themselves to discussion, others do not. 
First of all, the topic mvist be one about which the pupils have some 
knowledge. Only thus is it possible for them to do more than speculate 
idly. Controversial issues on which the pupils take stands often make 
good topics for discussions. Tliese issues may deal with matters of 
current interest such as the fluoridation of drinking water. They may 
deal with such perennial arguments as the harm in drinking coffee. 
They may deal with conflicting laboratory data. 

Topics that deal with indisputable facts do not lend themselves to 
discussion unless the pupils are uncertain about these facts. It would 
not be possible, for instance, for pupils to discuss the properties of air 
It each knew about these properties. The only verbal activity they 
could engage in would be to review the properties. 

Physical conditions influence the effectiveness of discussions. Pupils 
should be able to hear and see each other. The most effective set-up 
IS a circular arrangement of chairs. If seats are fixed, the teacher must 
take pains to repeat the statements of pupils in front seats for the bene- 
0 pupi s in the rear of the room. Otherwise the latter lose the di- 
rection of the conversation. 

A discussion leader is frequently faced with the problem of seemingly 
irrelevant, sometimes facetious, remarks. He will find it good policy to 
treat all remarks as though they were serious in intention. A teacher 
cannot follow the workings of every pupils mind. Perhaps a point 
raised m discussion has set a pupil thinking along a channel not antici- 
pated by the teacher. This pupil may then blurt out a statement that 
to others seems irrelevant, often ridiculously so. Simple courtesy de- 
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mands that this pupil he given a word of recognition and perhaps a 
brief explanation of why his point does not fit the present djscussion 
If the pupil is serious, he will understand and not be hurt. If he meant 
to be facetious, he gains little satisfaction from h.s eiiort. 

DuriTd'cussions, pupils are apt to ask many bo h 

relevant and irrelevant. By tradition a '<^“ber fee s obhgated o 
answer as many of these as he can. Perhaps this tradition dates back 
to the time whL there were few books and the teacher had to act 

““A^lyfihe practice of trying to answer all " 

ally unsound. Few teachers have the background o^er a y 
and accurately the majority of questions -ked. More ^portanh t^^_ 
answering of a question tends to ^ (i,js piece of 

learning situation. problems to be 

Relevant questions can be used t They should be 

solved by the class, by g'^°’'P*’™^ cre troublesome. Sometimes 
welcomed. Irrelevant q“f ,, e group to work on the 
the interested pupil may be '’^^/tberalr m'-^ why his 
answer to the question. More o , possible, arrange for 

question cannot be dealt with at a i depends upon the 

the pupil to follow up his ’"*'!“, ypon the teacher's ability 

nature of the question, and much depends upon 

to see potentialities in the question. jw drops off sharply after 

The effectiveness of class ® ajp, Jning a high level of at- 

several minutes. Pupils have dilBculty S ^ participate 

tention during discussion activiti^. , . jire very best, were 

actively at a time; the others mus si q each, five minutes 

the pupils to speak in turn ” " jd need unusual stimulation 

would elapse between turns. p tonic for this long a time, 
to keep their attention centered upon p ^ dominate the discussion 
What happens in practice IS that a t p 
and the others contribute htt e. „sly, some whisper to each 

daydream, some read or about uncomfortably. If t m 

Other, and the more active o litter may become distur mg 

discussion continues too long, some of the 1. 

influences. . . . 

Mr. Turin, a student teacher, tried ? period. For fifteen 

practices ]or the last twcaUJ-fiac mmutes of 
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minutes the discussion seemed to proceed smoothly, but actually only six 
pupils contributed significantly. A few others occasionally raised their hands. 
One girl read a novel; a boy read a comic book. One boy worked on an 
English report. The others wriggled about, looked out the window, whis- 
pered, and gave but fleeting attention to the topic under discussion. 

Ten minutes before the end of the period two girls began to giggle. A 
boy shouted “Quiet!” in mock authoritative tones. The girls stopped mo- 
mentarily but soon resumed. Class attention was now distracted and con- 
fusion grew. Two boys talked audibly. A boy punched another boy and the 
latter yelped. A girl pretended to slap a boys face for some derogatory 
comment. 

Mr. Turin finally shouted for order. In the momentary silence he scolded 
the class and voiced threats about detention room. Noticing the boy read- 
ing the comic book he confiscated the book and put it in his desk. 

The last few minutes of the period were completely disorganized. Pupils 
moved about and talked aloitd at will. Scuffling broke out a couple of 
times. Some of the pupils tvalked about the room. The boy who had lost 
his comic hook muttered continuous threats in on undertone and added to 
the din by deliberately dropping a book, scraping his chair about, and 
slamming books into his desk. 

Blame cannot be attached to the pupils for Mr. Tiirin’s trouble. They 
had cooperated for fifteen minutes, at least to the extent of keeping 
quiet. The fault lay with Nfr. Turin, who had extended the conversa- 
tion longer than was profitable. He attempted to keep pupil attention 
by scoldings and threats and minor punishments that served only to 
antagonize the pupils. They took their revenge in a multitude of petty 
but annoying ways. 

A discussion leader must give as much attention to the pupils who do 
not participate as to those who do. He must try to draw all pupils 
into the discussion. When he begins to fail, he should bring the discus- 
sion to a close. 

Pupil-led discussions. All that has been said about teacher-led discus- 
sions applies equally to pupil-led discussions. Such problems as 
suitability of topic, participation and duration of the discussion are of 
t e same importance. In addition, a pupil leader has a special handi- 
cap because he lacks authority. In class discussions, his fellows may 
not be inclined to cooperate with him even when the teacher is present. 
They may speak without being recognized. They may interject frivo- 
lous comments. 

When attempting pupil-led discussions for the first time, it is well 
to search out the best natural leader, one who has the respect of his 
fellows, who is articulate, and who will accept the responsibility 
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seriously. Once a successful pattern for behaviour has been established, 
other pupils may be employed as leaders; but if the wrong choice is 
made the first time, it may be very difficult for later discussions to 
succeed. 

Most successful pupil-led discussions center about experiences that 
are fresh in the pupils’ minds. Many teachers employ them only for 
summary and review. However, there are situations in which pupil-led 
discussions are effective for planning attacks on problems, particularly 
problems that are an outgrowth of previous work. 

Mr. Wharton had been assigned a small physics class of sixteen serious- 
minded pupils. He was able to give them many responsibilities he might 
not have given to a more typical class. One day, after the close of a unit 
on light, he passed out duplicate copies of an instruction booklet for a 
well-known make of camera. When the pupils had skimmed through the 
booklet he announced: 

“I’m going to let you organize this next unit on photography yourselves. 
Jack, will you he the group leader and run a planning session to decide 
what you are going to do?” 

Under Jack’s leadership the pupils formulated a number of problems to 
work on— the meaning of depth of focus, focal lengths of lenses, nature of 
camera lenses, significance of the F-openings, color rendition and light in- 
tensity factors. They divided into groups and began working on the topics, 
devising experiments to help with their understandings. 

Small group discussions are often more successful than class discus- 
sions. There are more opportunities for pupils to participate, and 
fewer personality clashes. In general there is less incentive for atten- 
tion-getting acts. However, a teacher cannot keep in touch with the 
decisions of the pupils and must assign all responsibilities to the group 
leaders. 

A description of Mrs. Lowell’s Tiuzz sessions” as used for review 
has already been given. Some teachers commonly employ small group 
discussions for project planning. 

Mr. Scardamaglia’s eighth grade science class planned to set up a weather 
station using homemade instrtnnenis. The pupils divided thcmselces into 
small groups, each of tchich chose a specific instrument to build. Mr. 
Scardamaglia allotted fifteen mimttes of the period for planning sessions. 
He did not Appoint leaders but allowed the groups to appoint their own 
leaders. 

Small discussion groups may be delaclied from tJ)e m.ain body of 
the class to plan special projects or to organize their findings. 
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Several pupils in Mrs. LoweWs eighth grade science class expressed an 
interest in the outer atmosphere. Airs. Lowell suggested that they do some 
outside reading on the topic. On the following day, four pupils reported 
that they had begun such readings. 

Mrs. Lowell accepted this effort as an indication of true interest and ap- 
pointed the four as a special committee to work on the topic. The pupils 
worked at the rear of the room for about half the period, doing additional 
reading and organizing their findings. On the following day they were 
given time to prepare a final report. The final copy of their report was 
duplicated and given to the other pupils of the class. 

Suggested activities 

1. Write out directions that might be given orally ( 1 ) for a reading 
assignment in a text book, (2) for a simple laboratory exercise, 

(3) for a notebook exercise, (4) for getting ready for a test. 

2. Prepare a brief account of one of your own experiences that 
you think might help pupils understand a specific scientific principle. 

3. Write out a set of questions you might use in guiding a discussion 
of the results of a field observation or a laboratory exercise. 

4. Observe a science teacher leading a class discussion. What per- 
centage of the class participates in the discussion? What percentage 
dominate the discussion? What percentage pay little or no attention 
to the discussion? 

5. List ten topics that you think would lend themselves well to 
general class discussion. 
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I aking a test can be an excit- 


ing experience, one to which pupils look forward with enthusiasm. 
There is stimulation and a challenge to the imagination in a good test. 
Unfortunately, teachers do not always know how to make their tests 
an integral part of their teaching. They use tests for a single function 
—the determination of grades. Tests thus become whips held over 
the heads of pupils to induce them to further efforts. Small wonder 
that many pupils look upon tests with dread. 


THF USES OF TESTS 

Tests may be used throughout a unit— at the beginning, at the end, 
and in between— each time with different purposes in mind. Some- 
times a single test may serve two or more purposes. Tests should usu- 
ally be used as part of the teaching process. Only occasionally are 
they needed for determining grades and never should test scores be 
used as the only measures of success in a course. 

Pretesting. A pretest attempts to discover the status of pupils at the 
beginning of a unit in order that the teacher may know where teaching 
should begin. Perhaps he wishes to know something of the experience 
background of his pupils; informal questioning— “Who has seen an 
electromagnetic crane?” or “Who has been to Gilbert Lake State Park? 
—may serve his needs. 

A teaclier may wish to test the information background of his pupils. 
263 
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His questions should be formulated with care; wording and phrasing 
are important. They should not be vocabulary tests but tests of under- 
standings. In forma! pretesting, short-answer questions permit the 
coverage of the widest range of information in a limited time. Of the 
short-answer type, true-false questions require the least time for con- 
struction, administration and checking. 

Formal pretests need careful construction. There is always danger 
that they will be lengthy, academic, and discouraging. It is wise to 
include a generous selection of easily answered questions in order that 
pupils may find satisfaction in their achievements. Wording and 
phrasing are important because at the beginning of a unit the pupils 
have not developed a common vocabulary; pupils may have an under- 
smnding or an experience but may not be able to identify it if ques- 
tions employ technical terms. Generally, pretests should not occupy 
more than fifteen or twenty minutes for completion, lest an unfavorable 
attitude towards the subject be developed. 

A spiral organization of test items may be helpful. The first and 
simplest questions make a hasty sweep of the area being previewed, 
the second set of questions covers much the same ground but in greater 
detail. A third set, if used, may test finer details and be much more 
ditiicult. With this organization, the discouragement factor has less 
influence. 


Below is an example of a true-false pretest used in a ninth grade 
science c ass to open a unit on the senses. Notice the spiral organiza- 
tion ot Items, beginning with matters commonly observed by everyone 
and ending with information generally acquired only frorn books or 
from school situations: ^ 


Answer the following questions with true or false. 

1. Most knowledge is gained through the eyes. 

2 People have either brcnvn eyes or blue eyes. 

. there is one eyelid for each eye. 

4. Tears wash dirt from the eyes. 

6 a nearby object. 

8 ThfevpIMr , ““ T"* '•7 by night. 

9 Ther7™ 1 > >™e- 

a. inere are always tears in the eyes 

10. Eyeglasses make objects look larger. 

11. Colors of objects can be determined by starlight 

l^mTbV“es!“ bim without 

eSy“'“ ° that are far away more 

die'^da*''' tl'" becomes smaller in 
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15. Both eyes always move in the same direction when they turn. 

16. The use of two eyes at once helps a person judge distance. 

17. Light enters the eye through the black spot in the center. 

18. There is a lens in the eye. 

19. The black spot in the center of the eye is called the pupil. 

20. The colored part of the eye is called the iris. 

It is sometimes interesting to repeat a pretest at the end of a unit. 
This gives the teacher an opportunity to compare scores for determin* 
ing progress. However, it must be remembered that a pretest should 
be constructed in terms of the vocabulary, knowledge and interests of 
the pupils at the beginning of a unit. A final test does not usually make 
a good pretest, and a pretest rarely makes a good final test. 

Tests for motivation. By accident or design many tests contain contro- 
versial questions which give rise to interesting problems. These prob- 
lems may be used to initiate new lines of investigation. 

A biology test contained the following item: 

'‘Life processes in the animal embryo begin with " 

Several pupils wrote in the word "birth" and during class consideration 
of this item argued heatedly in Us favor. A number of pupils evidenced 
incomplete knowledge of pre-birth conditions. 

The pupils accepted the teachcr^s suggestion that they plan a scries of 
investigations about the development of the human embryo. They proposed 
the following questions; 

1. Can an embryo move? If so, when docs it begin to move? 

2. Does an embryo breathe? If so, how does it breathe? 

3. Docs an embryo’s heart beat? If so, when docs it begin? 

4. Can an embryo die? 

5. Docs an embryo have to digest food? 

6. Can an embryo feel? Docs it think? 

During their investigation the pupils referred to a number of books. Some 
asked questions of their mothers. Three girls interviewed a doctor. Two 
interviewed a nurse. 

To utilize controversial questions, the teacher should ask pupils to 
look over their papers immetfiatcly after answering them. Tlicn pupils 
are better able to recall the thinking that Ic<l them to their <Iccisrons. 

Pretests may be designed expressly for initiating discitssions. Such 
tests m.iy include qcicstions alxxtt common superstitions, or .ilxjuf 
m-iltcrs of importance to the community, or about other controversial 
issues. For cx.impJc; 

Tnte or false? 

Hot water will freeze !>cforc coW water. 

Sewage in the river unprm’es nthini;. 
niiorid.Uion of drinking water I* atlvivihle. 
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It is not necessary that there be final answers to the questions on 
such a pretest. Sometimes answers can be obtained by experiment or 
field observations. In other instances, evidence supporting different 
points of view may be collected. 

Page 267 shows a complete pretest used in an eighth grade class to 
initiate discussion about earth changes. A similar test may be con- 
structed to arouse speculation about the topographic features around 
any school. 

Motivating pretests, like other types of pretests, should be short. 
The terms used should be familiar to the pupils. The material dealt 
with should lie within the experience backgrounds of the pupils. 

Some pupils are stimulated by progress tests. Such tests should be 
given frequently and regularly. Pupils may score their own papers 
and keep their own records. The preparation of a battery of progress 
tests is useful for individualized study units; pupils take the tests when 
they feel ready and score themselves. Self-scoring tests should have 
simple questions that have positive answers so that pupils do not 
need to refer constantly to the teacher for decisions about doubtful 
answers. 

Tests for review ond drill. This use of tests needs little explanation. In 
a series of tests it is commonplace to include review questions as well 
as questions on current material. Important questions may be re- 
peated a number of times. Sometimes a test is made up entirely of 
review questions. 

Review and drill tests may be written or oral. Short oral tests are 
e.xcellent review instruments but, because only a few pupils can par- 
ticipate at one time, interest is apt to lag after a few minutes of ques- 
tioning. Oral review tests should be conducted briskly and with 
little discussion of answers. It is well to write out the questions before- 
hand to insure simplicity and directness. 

Tests designed solely for review and drill need not be graded by 
the teacher, but mitten papers may be collected for further analysis. 
It IS usually wise to direct pupils to check their own answers so that 
t ey recognize their own mistakes and clear up misunderstandings. 
Usually checking is done as a uniform class activity but pupils may 
be asked to check their papers and correct any mistakes as an out-of- 
class assignment. 

Testing pupil achievement. Great weight is often attached to the 
scores pupils make on their tests. Test scores usually determine a 
pupils status in school and often decide his future. Obviously the 
tests used should be constructed with the greatest of care. "Trick” 
questions and unfamiliar test items are unjust. A fair test deals only 
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A PRETEST USED TO INTRODUCE AN EIGHTH GRADE UNIT ON 
EARTH CHANGES IN AN ITHACA, N.Y., SCHOOL * 

Which of the following statements do you believe to be the most 
probable? Which do you consider impossible? Mark those you think 
probable with a plus sign. Mark those you do not believe with a minus 
sign. 


1. Coscadillo gorge 

has olways been as 

deep as it is now. 

is being dug deeper 

every year. 

was once o much smaller 

gorge. 

. - . was dug out by a gla- 
cier. 

2. Enfield Glen 

___ wo5 chonged by the lost 
flood. 

is cut from rocks thot 

once were mud ond 
sand. 

— - would be deeper if the 
banks were mode of 
cloy. 

3. Coyuga Loke 

is filling up. 

may someday disop- 

pear, 

was here at the begin- 
ning of the world. 

is a dommed-up river 

volley. 

4. tlhoca is built 

upon soil that come from 

neorby hills. 

on soil that come from 

Conodo. 

on o dtflto. 

on soil corricd In by 

man. 


5. The airport is built 

upon a natural plain. 

upon a swamp. 

upon part of Cayuga 

Loke. 

upon soil brought in by 

men. 

6. The site of the Cornell campus 

wos once beneath the 

sea. 

wos once covered by Ice 

ond snow all year 
around. 

hos moved up ond down 

in the post. 

7. The salt mines 

contoin salt hidden 

there by earJy man, 

ore connected with the 

soli woler of the sea. 

contain salt from o | 

dried-up loke. ' 

6. The cement plant was built ot I 
Portlond Point because { 

there is plenty of wafer. 

there is salt. 

there is limestone. ' 

. there is a view. | 

I 

i 

i 

! 


i 


tVwiW. W. A.. "A 


AfwJ. IfrO 
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with material familiar to pupils and, if it is a verbal test, it uses only 
language the pupils understand. A teacher must be sure that he is 
testing truly important outcomes. And he must be sure that he is not 
ignoring important achievements because of the limitations of his test 
instruments. 

Teachers are constantly encountering the limitations of their tests. 
A boy may be able to show with a carburetor in his hands all the 
important parts, describe their operation, and demonstrate adjustments. 
Asked to write down his knowledge he may fail completely. He may 
not even be able to explain a diagram of a carburetor. 

Undeserved comparisons are often made because tests are not wisely 
chosen. One boy may be able to set up electric circuits but be unable 
to discuss electrons. Another boy may talk glibly about electrons but 
not know how to wire a doorbell circuit. But the first boy is certainly 
as accomplished as the second. 

Verbal tests contain certain variables that must not be ignored in 
constructing tests for evaluation. (1) A teacher may not express pre- 
cisely what he wishes to find out from the pupil. (2) Tlie pupil may 
not interpret the question correctly. (3) The pupil may not express 
his knovvledge adequately. (4) Finally, the teacher may misinterpret 
e pupi s jmswer. It is thus possible for a pupil to fail a test while 
possessing the essential information. 

footnal information that 
fhrn T verbalization. When pupils gain information 

nZt r ‘h' case in so much of the science 

shonlH ti’ hY ^ tested with a non-verbal test, or else they 
beta^t^sted adequately before 

Question.'yi^^.-^^r^ pupils should be given ample practice with 
wrbr,e ! , S- »o those with which they 

Punils shoiilfl I review and drill tests provide this practice, 

the areas nf precisely the range of content a test is to cover and 

emnhisis cl emphasis on the test should have received major 

Ts been m ** " -elude material that 

keoZZ f work. 

meat than dorfewra/OTfesrFLr'°fi°““r‘“ 

Tess Tnd Ln, ® “* “"'’"“S “'c -Huence of fatigue, sick- 

ness, and emotional tension to become so important. 

m the !.ffeet’°e'''°'“°r'° '“"‘hiuB uBeflivene,,. Test results give a clue 
vm'ohles M .“I P'°cedures used by a teaoLr. Many 

variables must be taken into consideration but generally a set of high 
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scoring papers indicates success in teaching the material included in 
the test, and a set of low scoring papers indicates failure in teaching. 

When individual test items are analyzed, specific strengths and 
weaknesses may be pointed out. Again the several possible factors 
must be considered. High success for a certain item may indicate good 
teaching or it may indicate knowledge acquired from previous experi- 
ences. Low success may indicate poor teaching or faulty test construc- 
tion. A later section will give detailed help in analyzing test scores. 

Teachers should be conservative in claiming success for their teach- 
ing procedures on the basis of test scores alone. It is possible for 
pupils to have high test averages and yet end the school year with 
little satisfaction and even with distaste for science. Overemphasis on 
memorization of facts for the purpose of passing verbal tests tends to 
remove a science course into an abstract realm where pupils see little 
value to what they are doing. On the other hand, even if pupils have 
worked hard on special projects and can present many tangible evi- 
dences of success, general failure on verbal tests represents a serious 
problem. With the weight attached to the results of verbal testing, 
pupils cannot afford to fail their tests. And their failure to pass tests 
usually does represent a teachers failure to help them verbalize their 
learnings. 

Teachers are sometimes tempted to excuse themselves from the re- 
sponsibilty for a number of low lest scores as long as a few pupils do 
very well. Careful stud)' of the pupils is apt to show that the feu' who 
succeeded had acquired their knowledge in previous years or had 
superior backgrounds that enabled them to learn despite poor teach- 
ing. Apparent laziness and incompetence on the part of the others 
might have disappeared with a different teaching approach. 

TYPES OF TEST ITEMS AND THEIR SPECIAL PROPERTIES 

There are many type of tests, one for almost any purpose. Some of 
the types are as interesting to do as puzzles and are used as such in 
picture magazines and popularized science books. There is a sufficient 
variety of test items to keep the testing program interesting. 

Test items may be divided into three categories— purely verbal tests, 
tests that involve pictures and diagrams, and tests that make use of 
actual materials. Each type has its own values and each has serious 
limitations. The last named type most closely approaches reality and 
can measure learnings that verbal and picture tests cannot evaluate 
at all. However, these tests generally are difficult to set up and ad- 
minister. Verbal tests depend upon the interpretation of words. Pupils 
who lack fluency with words are penalized by them. However, when 
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verbalization is considered an important outcome, these tests are valu- 
able. Picture tests represent something of a compromise between 
verbal tests and tests based on actual materials. They are several steps 
removed from reality but they do reduce some of the emphasis put on 
words in the purely verbal tests. 


Performance tests. Performance tests measure a pupil’s ability to carry 
out certain operations in science. The needed materials are placed 
before the pupil together with a statement of the problem to be solved. 
The pupil is expected to solve the problem and demonstrate the end 
result. He may or may not be expected to explain the reasons for his 
operations. He may be scored on the end product only, or on each 
step, or on his explanations, or on all three. 

Performance tests come closer to measuring certain desirable out- 
comes of the science program than do most other tests. Unfortunately, 
not much experimentation with this type of test has been carried out 
and only a limited number of satisfactory problems have been de- 
veloped. Most of these are in the area of electric circuits. 

Example 1. A pupil is given a length of glass tubing, a gas burner, 
and a rnatch. He Is told to make a right angle bend in tbe tubing. 
hxample 2. A pupil is given a miniature electric lamp, a dry cell, and 
a knife switch. A card with the materials reads, '‘Connect these 
so that the lamp lights when the switch is closed." 


Advantages. Little or no verbalization is required. Manipulative 
ability is tested. Understandings that are difficult to verbalize are 
teste . Pupils >vho do poorly on verbal tests may receive recognition 
lor their achievements. 

Disadvantages. This type of test is difficult to administer to large 
groups. uplicate sets of equipment are used, a large amount of 
ma ena s is needed. Otherwise, cumbersome rotation systems must be 
used so that each pupil gets a turn. 


en I ''°tion tests. This type of test measures a pupil's ability to carry 
ou 1 en 1 cation procedures. He is given one or more unknown speci- 
mens an t le materials he will need to test their properties. He is 
scored on the accuracy of his identiBcation. 


^ P^pil is given ten unfamiliar mineral specimens, to- 
foT determining such properties as hardness 
o Of ffie^pecimens. 

oeV ^ ** given five bottles of solutions and litmus paper. 

V I ° determine which soluUons are acid, which are neutral, 
and which are alkaline. 

Example 3. A pupil is given four unfamiliar leaves and a key to leaf 
identification. He is asked to key out the leaves to determine their 
names. 
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Advantages. As witli performance tests, pupils are working with 
actual materials. The test measures their true understandings of pro- 
cedures. Verbalization has little place in the test. 

Disadvantages. As with performance tests, adequate materials must 
be provided. To be fair, the specimens must be unfamiliar to all 
pupils; this may be difficult to arrange. 

Recognition tests. In this type of test, familiar materials are presented 
to the pupils who are then to give the proper name of each specimen. 
Usually the specimens are numbered so that the pupil may write the 
name of the specimen opposite the corresponding number. Sometimes 
responses are oral. 

Example 1. Twelve different flowers are placed in glass jars to svhich 
numbered labels are glued. The jars are placed in order on the 
laboratory tables. Pupils number (heir answer sheets from one to 
twelve and move in turn from specimen to specimen, writing down 
the name of each. 

Example 2. Twenty.four trays, each containing identical sets of ten 
numbered rock specimens, are given (o the pupils. The pupils \vrite 
down the names of the specimens. 

Example 3. Ten large mounted birds are held up one at a time before 
the class. The pupils write down the names of the birds in the order 
they are presented. 

Example 4. Ten different insects are mounted in glass topped boxes, 
one to a box, and the boxes are given numbers. The bo.xes are passed 
about the class and the pupils are expected to write down the name 
of the order to which each specimen belongs. 

Advantages. This type of test measures a pupil’s ability to recognize 
and name actual materials. It is far superior to any purely verbal tests 
designed for the same purpose. 

Disadvantages. The naming of specimens is a minor goal of science 
but is given great weight by this type of test. These tests have some 
of the administrative problems that handicap all tests using science 
materials— difficulty in providing adequate materials, storage of ma- 
terials, noise and confusion during the taking of the lest. 

Nome association test. A recognition test may he simplified Iw giving 
the pupils lists of names of the si>ccimens to he presented. Tlie pupils 
write the number of each specimen opposite the proper name. There 
may he more names than specimens, as in matching qitcsti'ons. 

■file association of names and siicclmcns may be considere<l suffi- 
cient. If recall of names is desired, this type of test may he used as a 
te.nching test to give early practice in naming of specimens. It may In- 
followed liy the recall t)pc of recognition test descrilKHl alnn e. Ad- 
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vantages and disadvantages for this form arc about the same as for the 
standard recognition test. 

Modified recognition test. The following is an excellent test to deter- 
mine wluit pupils know about science materials. Specimens are pre- 
sented together with questions about the characteristics of the speci- 
mens. Identification may be requested but sometimes the questions 
are forimilated so that naming is not essential. 

E\iimplc 1. A tray contains a fossil trilobite and a card with the 
<Hiebtion, “Is this group of .ammals common, rare, or extinct today?’’ 
The tray is passed from pupil to pupil for examination. 

Example 2. A specimen of hard m.'ipte lumber has tacked to it a card 
with the question, “Is this wood used most commonly for furniture, 
for paper pulp, or for framing houses?” The specimen is passed 
about the class. 

Example 3. A microscope shows a single stomata in a bit of leaf epi- 
dermis. Beside the microscope is a card with the question, “Of 
what use IS tins structure to a plant?” Pupils take turns looking 
through the microscope. 

Adoflnfngcs, Here is a test that emphasizes knowledge of character- 
istics and uses more than identification of specimens. It eliminates 
much of the dependence on words and picttires and diagrams that are 
ty^iical of most test questions. The material covered can be truly 
practical. Pupils like this type of test. It is useful for self-evaluation. 
The specimens may be kept in a drawer or box for pupils to use 
when they have completed certain assignments. A few specimens may 
be put on a side table for pupils to use as they wish. 

pisndcflnMgcs. The test is apt to be difficult unless familiar ma- 
terials are used. If the answer depends upon identification as well as 
upon knowledge of the characteristics, a pupil may fail to answer it 
correctly for either of txvo reasons— inability to identify the specimen 
or ack of information about it. The administrative problems involved 
are the same as those for recognition tests. 

Picture tests. Pupils may be given pictures with accompanying ques- 
hons. ^se pictures may be clippings from magazines and old texts. 
The teacher whose hobby is photography may take pictures of local 
features, especially those seen on field trips, and prepare enlargements 
for testing purposes. 

^ Pictures may be stapled in filing folders together with a set of ques- 
tions to be answered. Tlien the folders may be passed from pupil to 
pupil. Duplicate folders reduce the time iieeded for taking the test. 
After the test, the folders may be stored in a locked filing case for use 
in succeeding years. 
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Example 1. A picture of an elm tree without leaves is pasted to a 
card. A question on the card reads, "What is the name of this tree?” 

Example 2. A photograph of a transformer station is stapled to the 
left side of a filing folder. Letters identify some of the structures. 
On the right side is stapled a typesvritten sheet bearing the follow- 
ing: "We visited this transformer station last week. What is the 
voltage of the electricity at A? What is C called?” Similar questions 
follow. 

Example S. A clipping from a magazine shows a steep hillside, and 
a valley with streams and lakes. Several features are identified %vith 
letters written with colored ink for contrast. Question sheets contain 
blanks for the answers and such questions as the following: “At 
which place will stream erosion be most rapid?” “Where will sedi- 
ments be deposited?” “Where would you expect to find the clearest 
running water?” 

Advantages. This type of test has some of the advantages of tests 
using real specimens, especially when the pictures deal with features 
seen by pupils in their class work. It is an excellent way to measure 
information gained during field trips. The test materials are more 
easily stored than are actual specimens. 

Disadvantages. A major weakness of the test is the limitations of 
any pictures. Pupils must interpret two-dimensional images into three 
dimensions. The pictures must be very good if grades are to be 
recorded. 

Diagram and model tests. A model may be displayed in front of the 
class, or a diagram may be provided on a chart, the blackboard or on 
duplicated sheets. Letters or numbers identify various structures. 
Duplicated question sheets may be provided or the teacher may point 
to certain structures in turn while asking about each 

Example 1. The teacher displays the enlarged model of an eye 
commonly seen in classrooms. He dissects the model and holds up 
several parts in succession. Pupils are asked to write down the name 
of each part. 

Example 2. A chart shows a diagram of the human digestive system. 
Pupils are given sheets with the names of the organs. They are asked 
to write by each name the number that identifies tJie corresponding 
structure on the chart. 

Example 3. Pupils are given sheets on which are printed the diagram 
of a lift pump. The valves are identified with letters. Beside the 
diagram is tlic question, "On the upstroke of the piston, which valve 
is open and which valve is closed?” 

Adcanlagcs. Sometimes specimens ami pictures are not available, 
or a knowledge of internal structure is to be tested. Then diagrams 
scrs'c a purpose. They are better than strictly s'crlml tests u'hcn 
questions cannot bo formulated clearly In words. 
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Disadvantages. Models and diagrams are far removed from reality. 
They are apt to be very difficult to interpret, especially for pupils who 
lack the ability to think in the abstract. Pupils should be thoroughly 
familiar with each model or diagram before it is used for testing 
purposes. 

Drawing tests. Pupils may be asked to make drawings of some object 
or device they have studied during class work. Labels and explana- 
tions may be required in addition. 


Example 1. Make a drawing of a spider, showing the major parts 
of the body and where the legs, palpi, and spinnerets are attached. 
Example 2. Make a diagram of the apparatus used to prepare sodium 
hydroxide from table salt. Label the parts. 

Example 3. Make a cross-sectional diagram of an electric light bulb. 
Show with a heavy line the path of the current through the bulb. 


Advantages. This type of test measures a pupil's ability to visualize 
things studied in the science program. Some pupils are better able 
to express themselves by drawing than by writing. 

Disadvantages. Some pupils cannot make an acceptable drawing 
even when they can visualize an object. Such a test item should be 
given as a choice so that these last pupils may choose some other 
form of expression. Generally, drawings require a disproportionate 
amount of testing time for completion. 


Completion drawings. Pupils are given a drawing that is incomplete 
and they are asked to add the proper lines to complete the drawing. 


Example 1. An electric bell, a push button, and a dry cell are pic- 
ure on the question sheet. Accompanying directions read, “Draw 

button is^puSTd”^® 

Example 2. The question sheet shows an outline drawing of a goldfish 
wthout fins. The directions read, "On this diagram ft a fish draw 
the missing fins. 


Admntages. This type of test requires less skill than a standard 
drawing test Time needed for completion is short. The answers are 
usually simple to correct. 

Disadvantages. Pupils may misinterpret the diagrams provided for 
them. Pupils need practice with completing the same types of drawings. 

Ess^ questions. These well-known questions require a pupil to de- 
scribe in words usually organized in paragraph form but someHmes 
m outline form, his knowledge on specific topics. Sometimes the points 
he IS to cover are outlined for him, sometimes he must anticipate what 
the teacher expects him to cover. 
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Example I. Explain how a submarine k made to rise or sink. 

Example 2. Describe the life <yde of the American toad, indicating 
where each stage is spent and the seasons when important changes 
occur. 

Example 3. With the aid of diagrams explain why you can hear an 
echo. 

Advantages. This type of test shows what goes on in a pupils mind 
more clearly than other types of purely verbal tests. It indicates how 
orderly his thinking is and how good his grasp of fundamentals. Essay 
test items should be included in most tests. 

Disadvantages. Some pupils cannot express themselves well in 
written language and are penalized unduly. They may be discouraged 
if faced with too many essay questions. Though essay questions are 
easy to formulate, they are burdensome to grade and few can be used 
in any one test without imposing a hardship. 

Short explanation questions. This type of question is but a shortened 
version of a standard essay question, the subject being limited so that 
the answer may be given in a single sentence. 

Example 1. Explain with one sentence the following statements: 

(1) The lowest string of a violin has a larger diameter than the 
highest string. (2) A trombone player lengthens his horn to play a 
low note. 

Advantages. This type of question tests a pupil’s understandings in 
the same fashion as an essay question but is more economical of time 
for both the pupil and the teacher. By using several of these instead 
of a single essay question, a greater coverage of material is possible. 

Disadvantages. Some pupils cannot express themselves well even 
with single sentences and many have difficulty in writing concisely 
enough to give an answer in so limited a fashion. 

Completion statements. Pupils are given a set of statements that lack 
a word or phrase for meaning. The pupil is supposed to add a word or 
phrase in the blanks provided, either within the sentence or at the side. 

Example 1. Fill in the blank in each of the following with the proper 
word: 

(1) An explosive gas that is lighter than air is 

(2) Tlie product resulting from the combustion of sulfur and 

oxygen is 

Example 2. Write in the space in the left-hand margin the word that 
best completes the following sentences: 

( 1 ) The part of the automobile engine where air 

and gasoline vapor are mixed is the 
( 1 ) 
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Advantages. These tests measure how well pupils can recall words 
or phrases, and when recall is important they make an excellent testing 
device, easy to take and relatively easy to score. Wide coverage is pos- 
sible in a short time. 

Disadvantages. The test does not measure understandings, only re- 
call of words. It cannot be scored mechanically; the teacher must be 
alert f.or the possible signiBcance of each separate answer. 

choice. A multiple choice test is somewhat like a completion 
^est m that statements are not completed. Several possible suggestions 
are given and the pupil is to choose one or more from them. It stresses 
recognition rather than recall. 

Example 1. Underline the word that best completes each of the 
following statements: 

(1) The alloy of copper and tin is called (solder, zinc, bronze, 
brass). 

Example 2. Write in the spaces at the left the number of the word 
that best completes each of the following: 

1. The portion of the sun’s spectrum that causes sun- 
burn is (1) infrared (2) yellow (3) ultraviolet 
(4) Hertzian (5) orange. 

xflftip e . Underline the words that may be used to complete the 
tol owing statements correctly. More than one word may be suitable. 

i. Air IS (colorless, elastic, weightless). 

cirbon ^^0 atmosphere is (argon, nitrogen, o.xygen, 


choice items can be answered and scored 
apidly. A wide range of subject matter can be tested in a short time. 
The questions are fairly easy to write. By using four or five alternates 

is Relatively unimportant, 
evaluation* e^eellent for all purposes, motivation, review, and 

questions measure only on the recognition 
lems nf ^ mechanical, there is danger that the prob- 

lems of the pupils will be overlooked. 

numbpr°nf *>* 1 *'' given sentences or paragraphs with a 

^ ^ -eLing of the state- 

r. italicized words with 

others which make the statements intelligent. 

'>■= ■’““sraph 

s JmminTabouTr-,!r.!!’- f'Z 8° The trout were 

and othef insects. '’T-L St^'iS chickadees ■ 

catch one of the trout ^ “ 



Tests and testing 


277 


Advantages. This type of test is a welcome variant to standard 
tests and pupils like its absurdities. It measures recall in the fashion 
of completion tests. 

Disadvantages. This type of exercise has the same disadvantages as 
completion tests with the added problem that the wrong words may 
distract the thinking of the pupils. Perhaps it should not be used for 
determining grades. 


Matching exercises. The question sheets for this type of test list two 
parallel columns of words or phrases. Often there are more items in 
one column than in the other. Pupils are asked to pair the words in 
the two columns and indicate their decisions by writing letters or 
numbers in appropriate blanks. 


Example 1. Choose from the list at the right the word that seems 
most closely related to each of the words in the left hand column. 
Write the numbers of the words in the corresponding blanks. 

refraction 1. mirror 

light source 2. lens 

absorption 3. incandescent wire 

reflection 4. black cloth 

light transmission 5. vacuum 

6. night 


Example 2. Below are some scientific principles, each of which has 
been given a letter. At the left are some devices that operate be- 
cause of these principles. Write the letter given to a principle in the 
blank by the device that operates on this principle. You may use 
each more than once. 


thermostat 

thermometer 

hot air furnace 


A. Cold nir is heavier than hot 
air. 

B. Most liquids expand when 
heated. 

C. Different metals expand at 
different rates when heated. 


Advantages. This type of test is quickly answered if the number 
of items is limited to ten or so. The answers are quickly checked. The 
range of material tested may be broad. Guessing is reduced, especially 
if one column contains more items than the other. 

Disadvantages. Too many items become confusing. Tliere is always 
a strong possibility that two or more associations can be made for any 
item; mechanical scoring does not reveal the thinking of the pupil. 
Pupils should be given opportunities to e.xplain their choices. 
Grouping tests. This type of test requires pupils to recognize several 
terms that are associated with each other. In a list of several items the 
pupils are to select those that are related in some way and to discard 
those that are not. 
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Example 1. Below arc sets of five terms, only four of which arc re- 
lated in some way. Cross out the word that docs not seem to belong 
with the others: 

cow duck horse rabbit cat 
oriole robin chickadee tanager bat. 

Example 2. Below are sets of five terms and a suggestion for the way 
four of the terms are related. Cross out the term that docs not be- 
long with the others: 

hygrometer, barometer, anemometer, ammeter, tliermomeler 
(weather instruments) 

hurricane, cyclone, typhoon, monsoon, isobar (type of wind). 

Advantages. This is an interesting type of test and it stimulates 
discussion. It tests knowledge of groupings. 

Disadvantages. Alternative groupings may suggest themselves to 
pupils unless suggestions are given. 

Arrangement exercises. The pupils are given n list of terms that arc to 
be arranged in some specified order. 


Example 1. Following are the names of the planets. List these in 
order of their distance from the sun, beginning with the nearest: 

Mars Earth Uranus 

Pluto Saturn Jupiter 

Mercury Neptune Venus 

^5}® names of the processes used in preparing 
p graphic print. List these in the order in w’hich they occur: 
fixing washing slop bath 

exposure development dry-ing 

“.I o' •>■0 'O'"- of the houeeHy. 

ut a number 1 by the Brsl stage, n 2 by the second stage, and so on. 

is hnowledge of sequence and order. It 

ts good for revtew and for starling disclsions, 

test oootoges. It is difficult to give partial credit in scoring this 
test. Probably it should not be used in determining grades, 

her familiar type of lest, pupils are given a num- 

accent- a t * which they are to judge for accuracy. They may 
true nr or refuse to accept it signifying their decisions with 

is PellteH’f* f O' 4" Sometimes a pupil 

cannot a ^ to qualify his answer with a sentence telling why he 
cannot answer either way. ° ^ 

'"“"h O' “ "■= ot the left oi 

Zxamnle 3 u,''^i'’*o P'oos have five needles in each cluster, 

to be trfe CM """ >■>" if PO- believe a statement 

true, Cucle the letter F if you believe it to be false. 
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T F 1. A ship will sink deeper as it passes from the 
Hudson River into the Atlantic Ocean. 

Example 3. In the space at the left of each statement, make a plus 
sign if you believe the statement to be true. Make a minus sign if 
you believe it to be false. If you do not believe the statement can be 
called either true or false, make a zero in the blank and explain your 
reason below. 

1. Ice must change to water before it can change 

to a vapor. 

Advantages. A great number of items can be answered in a short 
time, making broad coverage possible. The answers can also be 
checked rapidly, particularly with the use of a key. This type of test 
is good for initiating discussions and makes a good pretest. 

Disadvantages. It is very difficult to write items that are strictly 
true or false without qualifying them in such a way that pupils can 
guess what is expected of them. Much of the material which lends it- 
self to this type of testing is relatively unimportant in the science 
program. If pupils guess the answers, they have a one to one chance 
of selecting the right answer. Mechanical grading makes it impossible 
to know why a pupil made his choice. True-false items are not well 
suited for determining grades. 

Modified true-false items. True-false tests may be modified to reduce 
the guessing prevalent in standard true-false tests and to encourage 
a higher degree of thinking. The statements made are the same but 
pupils are to rewrite false statements so that they are true. Usually 
some clue as to the desired change must be given. 

Example 1. If you judge the statements below to be true, ^vrite 
trite in the spaces at the left. If you judge them to be false, re- 
write them so that they are true. 

1. Chlorine added to drinking water removes dissolved 

minerals. 

Example 2. Below are some statements, some of which are true and 
some of which are false. If you believe a statement is false, change 
the italicized word so that the statement is true. 

1. Butterflies have four wings. 

2. Houseflies have four wings. 

Advantages. This modification of a true-false test is useful in stimu- 
lating discussion. 

Disadvantages. The time needed for checking the answers is in- 
creased and it is difficult for pupils to score them. It is also difficult 
to assign credits for giving grades. 

Sometimes— always— never items. Tlus ty^ie of test is much like a 
true-false test with a third allcmalivc offerctl. 
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Example 1. If you believe one of the statements below to be always 
true, circle the letter A at its left. If you believe it is never Inie, 
circle the letter N. If you believe that it may sometimes be 
true, circle the letter S. 

A S N 1. A magnet has two poles. 

A S N 2. An electric current sets up a magnetic field. 

A S N 3. Like magnetic poles attract each other. 


Advantages. The addition of the third altemalive reduces the 
chances for guessing to one in three. The test is speedily answered 
and scored. The questions may stimulate a good deal of discussion 
while being scored. 

Disadvantages. When writing the items it is difficult to avoid giving 
clues to the answers expected. The fairly high chances for guessing 
correctly reduce the value of these items for giving grades. 


TEST CONSTRUCTION 

Test construction is the most critical phase of the testing program. A 
numbw of factors must be consider^: the function of the test, the 
type of learning to be tested, the way the test is to be administered, and 
t e way it is to be scored. A number of decisions must be reached be- 
fore actual writing begins. 

Techriiques for testing easily verbalized factual information ore 
ig y eve oped; these may be used with assurance. Performance 
tests for determining degrees of manipulative skills are also reliable. 
Less can be said for the procedures that have been developed for 
measuring the broad outcomes of science-the skills used in applying 
principles to new situations and the ability to think critically, and to 
discriminate. Statistical analysis of the results from these last tests 
shows that unwanted factors often enter and invalidate the results, 
pro em is that these broad outcomes are not verbal; they de- 
° ^eal way to measure them is to 

Vnnw i” « specific situation. He must not even 

his behavior^ tested, because that knowledge will condition 

hvnntlipHpal^* Resigned to measure broad outcomes commonly describe 

decisions or describe 

tested of cniir«p. fV, follow. Pupils are conscious of being 

influenced by the woriTnn '>"=>' "’7 

which to chLe, and Ihefr question or a list of alternatives from 
The verbil fnetr, answers may be completely unrealistic. 

for ability to visuaUze"from ^ premium is given 

rom the pnnted page and to express thoughts 
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in writing. The final score on the test reflects reading and writing 
ability in an undetermined amount. Another factor, insight, enters this 
type of testing. Pupils with insight can make proper choices with a 
minimum of background. Thus a test may measure intelligence as well 
as achievement and the final score is affected by both. 

It is recommended here that beginning teachers be cautious about 
using tests of broad outcomes in the determination of grades lest in- 
justices occur. However, this statement should not blind teachers to 
the high value of these tests in promoting discussions and stimulating 
special problems. 

Preliminary decisions. The type of test item used in measuring factual 
information will be determined by the level of learning expected, It 
would be unfair to ask questions that demand mastery when the topic 
tested was treated casually in the classroom. Essay questions are best 
for determining mastery. Completion items may be used for the recall 
level. Various association e.xercises may be used for the recognition 
level. 

The range of the sampling desired influences the choice of test items. 
Little sampling is possible with essay questions or other questions that 
require a relatively long time for completion. Short-answer test items 
permit broad coverage in the time allotted. 

Problems of scoring must be considered. If a teacher must give 
long tests to a large number of pupils be should use test items that 
are scored quickly. If pupils are to score the tests only items that call 
for positive ansxvers should be employed so that the teacher need not 
determine the validity of the many alternative answers that may be 
given. 

For major tests it is usually wise to include several different types of 
test items. Variety makes taking a test more pleasurable and reduces 
the fatigue factor in both taking and scoring. Variety also permits the 
display of a greater variety of pupil talents; in a series of short tests 
this objective can be met by using a different type of item for each test. 

When tests are to be used for grading, items that permit simple 
scoring are preferred. Test items (hat require w'eighted scores for 
different types of answers, such as modified true-false, or correction 
factors to compensate for guessing, are too cumbersome to be practical. 

Writing test items. The best questions are always simple and direct. 
Each additional adjective, adverb, and qualifying clause increases the 
complexity' of a question and augments the possibilities for misinterpre- 
tation. Words should he those commonly used in the classroom; the 
mere introduction of a new word In a lesson does not justify its use in 
a test unless it was used again and again so as to become part of the 
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pupils’ vocabulary. There is always danger that verbal tests may be- 
come little more than vocabulary tests. Questions should be wTitten to 
measure understandings rather than the ability to use words. 

Precision of writing is essential. Essay questions arc particularly 
apt to be vague. Instead of asking pupils to describe the life history 
of the honey bee, the question should specify precisely what is wanted: 

Describe the life history of the honey bee, telling what stages it 
passes through, where the eggs are laid, how the young are cared for, 
and how the queen differs from the other females in the colony. 

Short answer questions that allow but one correct answer need 
especially precise writing. It is not uncommon to find two or more of 
the choices correct even though only one is accepted. In a matching 
exercise, the word ‘'inorganic"" in the right hand column could be 
matched correctly with nine of the ten words in the left hand column. 
A multiple choice item on a final examination read: 

Water in the atmosphere exists as a (1) solid (2) liquid (3) gas. 

Completion questions are especially difficult to write because even 
slightly different interpretations of the questions may bring to mind a 
wide range of answers. The following question illustrates the point: 

Green plants produce their own 

A pupil who thinks in terms of photosynthesis may write "food,"’ 
“sugar,” “carbohydrates,” or some equivalent word. All would be cor- 
rect. A pupil who thinks along a different channel might answer 
“chlorophyl,” “cellulose,” "leaves,” or even “oxygen.” These answers 
are not all equally valid but they do not represent errors of thinking 
and should be accepted because the question itself is at fault. The 
above question should be rewritten to help pupils understand more 
precisely what answer is desired of them: 

Green plants can produce their own food only in parts that contain 


Broad generalizations are particularly difficult to test. Frequently 
even the test maker does not have sufficient background to recognize 
the limitations of a generalization. The following item has been en- 
countered several times: 

Magnets have (1) one pole (2) two poles (3) three poles (4) four 
poles. 

Undoubtedly, the test makers have expected the second choice to be 
the only correct choice. They have not realized that magnets with 
more than two poles do exist. They would not have fallen into error. 
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however, had they written the question so that it dealt with a specific 
case: 

Our bar magnets have (1) one pole (2) two poles (3) three poles 

(4) four poles. 

Weaknesses of the types just illustrated are not serious in tests 
used for motivation, review, drill and the like. Indeed the variations 
in answers can give rise to very interesting discussions and additional 
study. But it is most unfair to include such questions in tests which are 
used for determining grades. 

TESTING PROCEDURES 

Administering tests. Generally (he most favorable time to give a test 
is at the beginning of the period. During the interval between classes 
the pupils have had opportunities to move about and relax. They are 
in the best condition to sit in quiet concentration for a few minutes. 
Should it be essential that the test be given later in the period, it may 
be wise to let the pupils stand, stretch, and otherwise release physical 



Test administration needs the same careful jdanninp as do all other phases 
of a lesson. A teacher should decise efficient methods for g/cing out and 
(flying tip test pajycrs. lie should try to anticipate all points that mi'giit cause 
confusion. lie should discourage cheating by arranging for dispersed seal- 
ing and by supervising the test from a good vantage point at the rear of 
the room. 
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tensions. Should the test be given at the end of the period, it should 
be timed carefully so that all pupils complete it before the class bell 

rings. 

It is difficult for pupils to sit quietly and concentrate when they are 
excited about athletic contests, social events, and holidays. Tests used 
at these times should be short. The scores may not be valid and should 
rarely be used in determining final grades. 

Physical conditions under which tests are to be taken deserve con- 
sideration. Lighting should be adequate and shades should be 
drawn if sunlight falls on the pupils’ work. The temperature should be 
comfortable and the air fresh. It is sometimes desirable to ventilate a 
room thoroughly before a test, this being preferable to trying to ad- 
just windows during the test. 

The manner in which a test is introducetl may greatly influence the 
attitude of the pupils. An efficient, business-like manner, with direc- 
tions given crisply and clearly, makes the test seem important. A calm, 
unhurried attitude rela.xes the pupils without minimizing the im- 
portance of the task. 

The shortest possible interval between the announcement of a test 
and the beginning of work helps keep the attention of the pupils 
centered on the task. Pupils should clear their desks and have their 
pencils ready. If duplicated question sheets are used, these should be 
divided and passed back by rows. If the questions have been written 
on the blackboard, these may have been covered by charts which are 
quickly removed. As soon as each pupil is ready, directions for 
answering the test should be given tersely but adequately. 

Interruptions should be kept at a minimum. Errors in the question 
sheets may be discovered by reading the test in advance of the class 
period; corrections may be dictated at the same time directions are 
given. Pupils who are puzzled by illegibility, unfamiliar words, and 
possible multiple interpretations may be helped in individual consulta- 
tion rather than by loud-voiced questions that distract others. 

Cheating is much more prevalent than many teachers realize. It is 
a serious problem. It is unfair to those who do not cheat. It handicaps 
those who cheat by depriving them of a chance to recognize their own 
strengths and weaknesses. It contributes to the moral degeneration of 
young people. ® 

Cheating can be reduced by improving the emotional atmosphere of 
tec assroom. Tensions tend to build up when a great deal depends 
iipon the outcome of a test. Pupils cheat to protect themselves against 
the penalties that may result from failure. The use of frequent prac-"' 
tice tests gives pupils a feeling of competence. Determination of grades 
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by the use of many measures, including many tests, reduces the im- 
portance of any one test. 

Cheating can be discouraged by establishing conditions that make it 
difficult. Opportunities for cheating are minimized if the pupils are 
well separated from one another and if their desks are cleared of books 
and papers. For major tests, it may be desirable to prepare for alter- 
nate rows two forms of a test, possibly with the same questions but in 
scrambled order. 

Cheating is reduced if the teacher is obviously alert to the problem. 
He should move quietly about the rear of the room, watching the 
pupils casually. If he reads at his desk, or writes on the blackboard, or 
leaves the room, he is encouraging his pupils to cheat. 

The conclusion of a short test does not usually present any serious 
problems because most pupils comip]ete their work within a minute 
or two of each other. The variation in working time is greater for long 
tests and activities must be provided for those who complete their 
task first These pupils may begin work on assignments, or do inde- 
pendent reading, or work on individual projects. Directions for 
beginning general assignments may be given at the time directions 
for the tests are given. Specific assignments may be given as each 
pupil turns in his test paper. 

Checking and scoring tests. Pupils gain the greatest benefits from 
testing when they check their answers immediately after taking a test. 
At that time they can best recall the thinking that led them to make 
certain decisions. Whenever possible, pupils should be allowed to score 
their own tests, either as a group, with the teacher serving as the au- 
thority, or as an individual assignment, with texts and notebooks 
serving as authorities. 

From an administrative standpoint the best types of tests for pupil 
scoring are those which call for single, positive answers, such as 
multiple-choice items and matching exercises. If a testpennits alterna- 
tive answers, as in the case of most completion questions and essay 
questions, the teacher is forced to judge each answer that differs from 
the one he dictates. This is time consuming and quickly becomes 
boring to a large number of the pupils. 

Teachers should plan to score all tests used for determining grades. 
Grades become permanent records as to the successes and failures of 
pupils. Pupils cannot be trusted with this important aspect of teaching. 
They are not experienced in objective evaluation and they lack suffi- 
cient background to recognize exceptions and fine distinctions. And 
’some are tempted to client because of a feeling of insecurity. 

The task of scoring a large number of test papers can be most l)ur- 



286 


The techniques of science teaching 


densome. Teachers should be alert for ways of simplifying the task. 
Often a few minutes spent in properly organizing a set of test questions 
can save an hour or more of scoring lime. 

Essay questions are especially fatiguing to look over. A teachers 
objectivity deteriorates after reading through several dozens of an- 
swers. To reduce the fatigue factor it is wise to include single essay 
questions along with short-answer questions in a number of tests rather 
than to construct a few tests of essay questions only. 

To improve objectivity in scoring essay questions, it is helpful to 
prepare a check-list of points expected in the discussion. A teacher 
should use a check list with discretion, however, remembering that 
pupils may not think of all the points that a teacher would desire even 
though they could discuss them adequately had these points been 
brought to their attention. 

Short answer tests can be scored quickly through the use of keys. 
The process is simplified if the pupils are asked to write their answers 
in blanks along the left-hand margin of the question sheet. A matching 
exercise and the key used to score it is shown below. 


A KEY USED FOR RAPID GRADING OF A MATCHING EXERCISE 


Answers 

Mofehing exercise 

4 

bituminous cool 

1. 

abrasives 

JO 

chalcopyrite 

2. 

coke 

6 

galena 

3. 

copper 

I 

garnet 

4. 

gasoline 

7 

gypsum 

5. 

iron 

8 

limestone 

6. 

lead 

5 

magnetite 

7. 

plaster of Paris 

4 

petroleum 

B. 

Portland cement 

II 

pitchblende 

9. 

radium 

9 

sphalerite 

10 . 

sulfur 



n. 

zinc 


Another method which reduces the time for scoring is the use of a 
key placed over the answer sheet in such a fashion that correct an- 
swers can e o served through holes in the key. A set of numbers or 
e ers is provi e or each question on the sheet. The pupils are 
nec e o oc ' out the symbol which corresponds to the correct 
choice given in the question. The key is made by cutting out the 
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correct symbols in an extra question sheet. Figure 11 shows part of an 
answer sheet and key used in this fashion. 


ASCOe ACCDE 



Antwer sheet Key 


FIGURE 11. A portion of on answer sheet from a multiple choice test, 
correctly ansicered, and its key. The key is prepared by cutting out the 
correct choices from a blank test paper. When the key is placed over the 
answer sheet, a pupil’s correct answers show through the holes in the key. 

A device useful for rapid scoring of multiplc-choico items is the 
arrangement of tlie correct answers in an easily memorized sequence 
such as 3, 2, 4, 1, 3, 2, 4, 1, and so on. Or the sequence may shift 
regularly— 1, 2, 3, 4, 2, 2, 3, 4, 3, 2, 3, 4, and so on. Tlic answers for tlic 
test given on page 290 are arranged in tin's fashion. 

The dangers of mechanical grading must be emphasized. Tlic indi* 
vidual and his ways of thinking arc completely ignored. Proper 
analysis of tests, as described in the next section, will help identify 
exceptional ways of thinking and weaknesses of testing procedttres. 

There is no set rule tlial determines the amount of credit to be al- 
lotted to correct answers to the different types of questions. Teachers 
must roly upon their own judgment. Generally, more credit is allotted 
to those questions that require the higher degree of lliinking. Tims 
a multiple-choice item might l>c given one cretlit, a completion ques- 
tion might he given two credits, a one-sentcnce answer five credits, 
and a one-paragraph answer ten crcilils. 

When true-false and other eillier-or qne%tions are iisetl, the guessing 
factor ought to he consideral. Theoretically, a pupil can achkwe jiIkmiI 
half crcsiit without even reading the questions and any knowletlge. 
however sliglil, should raise him al)o\*c this level. Obviously a correct 
choice should not he given the same rel.»live weight as a multiple- 
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choice item, for instance. There are factors that can be applied to re- 
duce the weight of these items but these are comple.x and it is simpler 
not to use such questions on tests used for final grades. 

Teachers customarily assign credits in ten’s to simplify the calcula- 
tion of test grades in percentages. This is not necessary or always de- 


suable. A test might be made up as follows: 


12 multiple choice items at 1 credit each 

12 

4 completion items at 2 credits each 

8 

1 one-sentence answer question at 5 credits 

5 

Total 

B 


The final percentage grade may be calculated by multiplying the 
point score by 4. Thus, a paper with 20 points credit would be given a 
grade of 80?. 

Some teachers prefer to use letter grades, especially for essay ques- 
tions. It is then necessary to convert number grades gained on short- 
answer tests. One method commonly used to do this is to give an A 
for grades between 90? and 100? inclusive, a B for grades between 
80? and 89? inclusive, and so on. 

Some teachers prefer to record point scores rather than percent or 
letter grades. This procedure has the advantage of permitting the use 
of tests of different lengths without providing factors to insure proper 
relative weights. However, pupils may not understand the significance 
of a point score and it may be wise to convert these to percentages on 
the papers before returning them. 

The effort to be objective in grading is apt to result in some overly 
rigid practices. There are, however, several ways to provide flexibility 
without being influenced appreciably by prejudice. One may give 
pupils a choice of several questions, say ten out of twelve questions. 
This procedure assumes that none of the material of the test is essen- 
tial and that pupils should be credited for mastering any substantial 
portion of it. 

It is also possible to grade a test on the basis of fewer questions 
than are actually asked. For instance, a test may be made up of 44 
iteins but the grade would be calculated on the basis of 40 questions. 
This practice presupposes that it is natural and not serious for pupils 
to make some mistakes. 

Some teachers like to add bonus questions for pupils to answer if 
t ey ave Ome and inclination. Credits earned from the bonus ques- 
tions are added to the basic score. This procedure awards pupils for 
additional effort in the course. Teachers may also give as bonus points 
more credit than is generally assigned to a question when the answer 
is unusua y good. This practice re\vards pupils for extra insight. 
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Some of the above methods make possible percentage scores over a 
hundred. When point scores are used, tliis is immaterial. Special 
c.vplanntions might be in order should outsiders investigate the grad- 
ing system. 

Analyzing test results. After a lest has been scored it is usually worth- 
while to spend a few minutes in analysis of the results. An analysis may 
reveal deficiencies in teaching and faulty test constructions that would 
go unsuspected otherwise. Sometimes it is discovered that pupils are 
penalized for the faults of the teacher. 

Short answer tests arc easy to analy^ie. A test given to twenty-eight 
ninth grade pupils is shown on page 290. Tlie grades attained by the 
pupils tell little save that about half the class did rather poorly- There 
is no clue as to whether the fault lies with the pupils, the teacher, or 
the test. An analysis may help identify the difficulties. 

The first step is to total the number of correct answers for each item. 
These are written in the blanks on an unused paper as shown in the 
sample. Immediately it can be seen that items 1, 2, 4, 7, and 8 gave 
little difficulty to any pupils. Quick review of the questions shows that 
the material is not simple and the alternate choices are not ridiculous. 
It may be assumed that the material tested by these items is well 
taught. 

The other items, particularly number 9, are unsatisfactory and need 
further investigation. The papers are now sorted into two equal piles 
with the higher scores in one pile and the lower scores in the other. 
The distribution of correct answers in each pile is now determined for 
each item. The information is then entered on the test sheet. 

In the case of item 3, twelve of the high scoring pupils gave correct 
answers but only 2 of the low scoring pupils were able to do so. Ran- 
dom guessing might account for the latter two. It would seem likely 
that this is a difficult question and examination of the wording reveals 
that it is. It is difficult for many pupils to believe that carbon, which 
they know as a black solid, can exist in the air. The distribution of 
their choices shows that they selected soil or fertilizer as the logical 
source for a black solid. It is probable that this information was 
treated on an abstract plane and only certain pupils could grasp the 
concept. The fault lies almost certainly in the teaching. 

Thirteen of the high scoring pupils answered 5 correctly. No pupils 
selected the rose as a choice, a fact that indicates some understanding 
of the nature of the rose plant. Wrong choices were distributed be- 
tween mosses and ferns and probably some pupils guessed mushrooms 
correctly. It seems that the pupils have little understanding of these 
three plants. They need extensive experiences with them. 
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TABLE 13. A NINTH GRADE SCIENCE TEST AND DATA 
USED TO ANALYZE IT * 

Name 28 pupils Score 

Choose the word or phrase you think best completes the following 
sentences. Write the number of the word or phrase in the blanks at 
the left. 

28 1. Plants that make their own food must contain (1) acids 

(2) bases (3) peptones (4) chlorophyl. 

26 2. Energy needed by green plants for food manufacture comes 

from (1) light (2) fats (3) fuel (4) air. 

14 3. The carbon needed for the sugar produced by plants comes 

Tai from (1) water (2) the soil (3) the air (4) fertilizer. 

i S 14 7 

28 4. During food manufacture, a plant gives off (1) proteins 

(2) oxygen (3) carbon dioxide (4) alcohol. 

21 5. An exomple of a plant thot cannot make Its own food is the 

13-8 (1) rose (2) moss (3) mushroom (4) fern. 

0 4 21 3 

12 6. Much of the food produced in a green plant is stored as 

8-4 (1) starch (2) wood (3) cellulose (4) vitamins. 

12 « 10 0 

26 7, Trees manufacture most of their food in their (1) roots 

(2) stems (3) leaves (4) bork. 

27 8. The manufacture of food by green plants is colled (1) 

osmosis (2) photosynthesis (3) chloroplasts (4) solution. 
_8 9. Hydrogen needed by plants for the manufacture of food 

4-4 comes from (1) the soil (2) water (3) air (4) acids. 

5 8 12 3 

18 10. Food manufactured by plants is used chiefly for (1) growth 

72-8 IS 

(2) keeping warm (3) enriching the soil (4) inorganic 

1 5 •< 

compounds. 

I ^11. Most cactus plants manufacture food in their (!) roots 
1 17-5 (2) leaves (3) stems (4) flowers. ® 

I 12 18 0 

^ 12. Parasitic plants get their food from (1) the soil (2) other 

8-12 plants (3) animals (4) the air 2 

20 6 0 

Distribution of Grades: 

100-1 
92-3 
83-3 
75-7 

The significance of the itolie number is given in the text. 


67-9 

58-4 

50-1 
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Skipping to item 11, it seems that almost half the class, assuming 
some guessed correctly, bad little knowledge of the structure of cac- 
tuses. Probably this subject was touched upon in class without the 
use of specific examples so that only pupils with good experience 
backgrounds or the ability to visualize from words grasped the desired 
concept. 

The answers for item 10 show about the same distribution as those 
for item 5. It is surprising that more pupils did not answer this one 
correctly. Some of them must have been confused bv the questiou or 
by someihing said in class. Perhaps the correct alternative looked too 
simple when compared with the last two. Many pupils who do not feel 
secure in academic work do not trust their own knowledge jn tests. 

Item 6 would be a confusing question if class discussion had cent'. > ed 
about trees, because certainly a largo amount of a tree’s food is con- 
verted to wood and cellulose. Perhaps that is what happened in this 
case. Again the distribution of scores indicates that it was a difficult 
question. 

Item 9 shows such a low total that the correct answers could be 
attributed to random guessing. It seems likely that tins topic received 
no attention in class work, perhaps due to an oversight. It, like item 3, 
is a very difficult one to deal with and pupils need many concrete 
experiences to make the concept meaningful. 

The distribution of scores for item 12 opposes the pattern sborni 
for most of tlie other items. In this instance more of the low ranking 
pupils answered the question correctly than did the high ranking 
pupils. The effect of random guessing cannot be ignored but it seems 
likely that the test item itself is at fault. Critical inspection of the al- 
ternate choices reveals that the third alternative is correct. Perhaps 
some of the higher ranking pupils had information that led them to 
make this choice. 

In summary, the analysis shows that about 40 percent of the mate- 
rial covered by the test was well (aught. Of tJie remainder, most had 
been well taught on an abstract level l>ul about h.df tl>e pupils needed 
more concrete experiences— c.xpcrimenls, demonstrations, and the like. 
One topic seemed to have been ignored during classwork. One test 
item was faulty and should have been discarded wlten tla* teacher 
calculated scores. 

Similar analyses may he carried out for all test rt>sulfs. When work- 
ing with essay tests and perfonnanc** tc*sls, it is necess.iry to hre.ik 
down each question into its c<unponent p.uts to calcul.ite the distribu- 
tion of correct answers. One must not vx[H'Ct to undersl.nul all (iie 
situations revealed by an analy.s/s. hut ihi* anal\-sis will p)iMl out 
m.any things th.\l normally go nnsusiK*cl<Hl. 
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STANDARD/ZED ACHtEVEMENT TESTS 

Inevitably, during the testing program, the question arises, “How does 
this group of pupils compare with pupils elsewhere?” To make com- 
parisons many tests have been constructed for use on a system-wide, a 
county-wide or a state-wide basis. 

Such tests constructed by amateurs are apt to be unfair to pupils 
because of mechanical faults— poorly worded questions, “tricky alter- 
natives in multiple choice items, and the like— faults that can be dis- 
covered only by expensive statistical analysis. In consequence, there 
has been a demand for tests constructed by commercial testing bureaus 
which have the facilities for proper analysis. These tests are standard- 
ized for nation-wide usage and supposedly represent the best in test 
making. 

Standardized tests have been constructed for each of the major sub- 
ject matter areas. For science, there are batteries of tests to measure 
general achievement in science as well as tests for the special branches. 
There are also tests that are claimed to measure scientific aptitude. 

Uses of standardlied tests. Standardized achievement tests are best 
adapted for diagnostic purposes. In the science program they may be 
used as follows: 

1. To determine t/ic achievement level of individual pupils. This 
information is helpful in assigning a pupil to a grade or section, and 
to determine his fitness for an advanced course. 

2. To determine a pupits areas of strengths and iveaknesses. A bat- 
tery of achievement tests reveals the areas in which a pupil has 
achieved more or less than that which is normal for others of his age 
and grade. The information helps in guiding him into special fields or 
in planning remedial work. 

3. To determine a ptipiVs progress. Two forms of the same test, 
given a few months apart, indicate growth during the interval. Ab- 
normal growth, whether unusually rapid or slow, draws attention to 
his need for special consideration. 

4. To defernjine the relative standing of a class as a whole. This 
information helps in program building. A class that scores much 
higher than the national norm can probably do more advanced work 
than a class at or below the norm. 

5. To determine areas of strength and weakness for a class. During 
the planning of a balanced program it is helpful to know which areas 
need special emphasis. 

C. To determine class progress. Progress as measured by achieve- 
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ment tests is one measure of the effectiveness of the teaching pro- 
cedures being used. 

Limitations of standardized tests. Scores attained on standardized 
tests should not be used as sole determiners in making up final grades; 
it may be that they should not enter into the grading process at all 
save to reveal pupils who are being penalized unfairly by the testing 
techniques used. Standardized tests cannot fit the local curriculum. 
They cannot measure most of the desirable outcomes of a program. 

Standardized tests are sometimes misused. Too much is expected 
of them. Their misuse can be traced to the fallacious assumption lliat 
there is a certain body of information that pupils should acquire by 
regular yearly increments. This presupposes that there is a universal 
curriculum, which is contrary to present-day educational philosophy. 

Teachers and administrators sometimes make the mistake of assum- 
ing that the total effectiveness of the learning situation can be measured 
by standardization tests. If this kind of thinking prevails, the results 
of the achievement test become identified as the main objective. In- 
stead of a curriculum being a growing thing, changing from time to 
time to meet the needs of students and the community and responding 
to the individual talents of the members of the teaching staff, it be- 
comes stereotyped and even sterile. The chief end of teaching, under 
such circumstances, is the preparation of students to pass tlie achieve- 
ment test. Thus teachers are prevented from attempting to make any 
improvements in the curriculum, because they are afraid that any 
deviation, no matter how slight or how desirable, may result in students 
making lower marks on the c.xamination.^ 

The weaknesses of standardized tests do not make them useless; they 
only limit their usefulness. Standardized tests are among the many 
educational tools needed to insure maximum benefit for the boys and 
girls in our schools. 


Suggested activities 

1. Make up several samples of different kinds of test items. Submit 
these to your science mctliods class for criticism. 

2. Study the test items given in a te.xt Ixjok or other publication, 
examining them for possible ss-cakncsscs that migltt confuse pupils. 

3. Obtain a set of answer papers from a science teacher and anahve 
the scores to look for weaknesses in test constnjction. 

4. Prepare a pcncil*and-p.»per test for a science class, administer it. 
and an-ahve the results. 

5. Set »ip a test that uses actual materials and administer it to a 
science class. 

’ Undcren. II. C.. Etlucatioiia! Fi^hology In the Climroom, Wil.-j, Ni-sv 
York. 1030. 
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6 Examine standardized tests in science or the science section of 
itencral achievement tests. Try to determine how well the tests meet 
thrir objective. 

7 Start a test item file. 

Suggested readings 

Angell, George W., “The Philosophy of Test Construction in Science,” 
The Science Teacher, May, 1956. 

Brandwein, Paul F., Watson, Fletcher G., and Blackwood, Paul E., 
Teaching High School Science: A Book of Methods, Harcourt, 
Brace, New York, 1958. 

Brandwein, Paul F., “Science Teaching and Board’s Science Tests,’ 
College Board Review, Number 15, November, 1951. 

Dressel, Paul and Nelson, Clarence R., Questions and Problems in 
Science, Test Item Folio I, Educational Testing Service, Princeton, 
N. J., 1956. 

The Measurement of Understanding, Forty-fifth Yearbook of the 
l^ationa) Society hr the Study of Education, Part I, Uniyersity of 
Chicago Press, Chicago, 1946. 

Niessen, A. M., "Marking on a Curve,” School Science and Mathe- 
matics, February 1946. 

Science Education in American Schools, Forty-sixth Yearbook of the 
National Society for the Study of Education, Part I, University of 
Chicago Press, Chicago, 1947. 

Science in Secondary Schools Today, Bulletin of the National Associa- 
tion of Secondary School Principals, Volume 37, Number 191, 
Washington, January 1953, Chapter IV. 

Thom.ns, H. Murray, Judging Student Progress, Longmans, Green, 
New York, 1934. ® 

Travers, R. M. W., How to Make Achievement Tests. Odvssev Press, 
New York, 1950. ^ ^ 


Part III 


Plans and 
Planning 



riannln^ tt than a /I'tf/iip of topics to /«* cpccrctl. ri(tntiin{^ 
procftlcs for tvhal the pnpils u'ltl tie tloinr^ at all times. It takes 
into account the special talents atui interests of each pupil. At 
best, platminfi is a process shared Ivtneen teacher and pupslt. 
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SETTING OBJECTIVES 
FOR SCIENCE TEACHING 

I 

I 

I 

I 

I 

I 

chapter 12 I Why do pupils come into 

one classroom with a sense of anticipation and into another with 
indifference or even distaste? Why does one group of pupils find class 
periods all too short for what they want to do while another group 
never thinks of working voluntarily after school or at home? Why is 
it that two teachers can follow the same course of study and give the 
same examinations but provide such different atmospheres for their 
classrooms? 

The difference between teachers can often be traced to the objec- 
tives which they set for themselves. The teacher whose primary ob- 
jective is “getting through the textbook by June” inspires no one. But 
the teacher who sincerely wishes to further the over-all growth of his 
pupils has a lasting influence upon them. 

The most successful teachers have broad objectives. A physics 
teacher with a truly remarkable record each year trains a team of 
young people to speak on science topics to scrv’ice clubs and other 
organizations; he considers such training to be among his many re- 
sponsibilities. An excellent biolog)’ teacher takes pupils so thoroughly 
into the planning process that the)' can cair)’ on for long intcrs’als with- 
out his presence in the classroom; lie believes that acceptance of re- 
sponsibility is an important outcome of Ills program. 

Several broad objectives lend to reinforce each other whereas a 
single narrow objective in is danger of defeating itself. The teacher 
who is concerned only with the master)* of infonnation is apt to <leny 
his pupils opportunities to do things the)' consider Important; tliey Ik*- 
297 
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come apathetic; he becomes harsh and dour; conditions spiral toward 
failure. But the teacher with broad objectives wants his pupils to do 
things they consider important; they respond with enthusiasm and 
effort; their effort brings success and success spurs them to further 
efforts; conditions spiral toward eventual attainment of objectives. 


SUBJECT MATTER OBJECTIVES 

In the final analysis, all objectives for the science program should be 
determined by the needs of young people. Their needs fall into two 
categories: (1) those that can be satisfied by acquiring information 
and special skills, and (2) those that can be satisfied by developing 
certain ways of thinking and acting. The former are called “subject 
matter objectives. The latter are sometimes called “general education 
objectives because they govern the entire school program irrespective 
of subject matter divisions. 

These two sets of objectives operate in close conjunction with each 
other. Each set has its special influence upon the program. Subject 
matter objectives determine the content of the program. General 
education objectives determine what is done with the content. Neither 
set is effective without the other. 


long and short range subject matter objectives. Pupils can learn 
through a single experience that a magnet can pick up bits of cobalt. 
They need dozem of experiences to realize that water is a poor con- 
uc or 0 ey need thousands of experiences to appreciate the 

statement All life comes from life." 

An objerfive calling for the learning of the magnetic properties of 
cobalt can be attained in a relatively short tints, perhaps a Lv ntinules, 
nro objectives," 

Ttvn “P'^ments and other limited activities, 

lesson range activities may be established for a single 

canntt'L''Sd™dLlt’iT*'^“ '''™ 

even after twelve years of * program or 

should be treated as aims tlctt I®' 

•as goals for rapid attainmLT. “ 

IhaUheylclirtmTOdslone®/™’ “'l”' “P ” 

will, pulleys, eaclXeteV. esperiments 

prop«ly relate, bring abon objective, can, when 

b about an understanding of pulleys in general. 
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Setting long range objectives. During the 1920’s and 1930’s a great 
deal of work was done on the formulation of major generalizations that 
could be used as long range objectives to give continuity to the science 
program. A list of thirty-eight such generalizations was published in 
the Tliirty-first Yearbook of the National Society for the Study of 
Education.^ This list is given on pages 300-301. Although these gen- 
eralizations need minor modifications in the light of recent scientific 
discoveries, they still represent an excellent point of departure for the 
program maker. 

This list was designed to give direction to the entire science pro- 
gram from grades one through twelve. One of its major strengths is 
the balance it provides among the traditional subject matter areas and 
the interrelationships it promotes between the ju-eas. It represents a 
broad approach to the problems of planning. 

Teachers of the specialized sciences have not always recognized 
the application of the entire list to their own subjects. They have ad- 
mitted that broad courses such as elementary science and general 
science could be governed by a broad list of objectives, but for them- 
selves they have tended to select only such generalizations as they con- 
sidered pertinent. By so doing they have perpetuated the narrowness 
of their courses. 

Specialized courses are bettered by having broad objectives. A 
physics teacher may show the application of principles governing 
balance to the human body, and the application of findings about heat 
transfer in water to the problems of organisms in ponds. By so doing 
he makes his course more significant to the wide range of pupils who 
would benefit by the study of physics. 

The use of major generalizations as objectives for a unit may result 
in superficiality, if they are treated as goals rather than as aims. To 
avoid this danger it is wise to break up a major generalization into seg- 
ments, each of which is limited enough to be attained by the ex- 
periences possible within a unit. A major generalization about ma- 
chines, for instance, could be subdivided in terms of the types of 
machines, permitting separate units on levers, pulle}^ and so on. or 
in terms of such phases as efficiency, mechanical advantage, and so 
on, each of which could well merit a complete unit for proper treat- 
ment. 

Sources of suggestions for long range objectives are (1) courses of 
study, (2) textbooks, (3) yearbooks. The beginning teaclier will pre- 
fer in all probability to adopt a set that has already been formulated 

J A Pro'^ram for the Teaching of Science, Part I, Tliirty-first Yearbook of the 

Nationat Society for the Study of Education, Public School Piiblisliing Co.. 

Bloomington, Hi., 1932. 
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MAJOR SCIENCE GENERALIZATIONS 

The sun is the chief source of energy for the earth. 

Through interdependence of species ond the struggle for exist- 
ence, a balance tends to be maintained among the many forms 
of life. 

The earth's position in relation to the sun and moon is a deter- 
mining factor of life on earth. 

All life comes from life and produces its own kind of living 
organism. 

Matter ond energy cannot be created or destroyed but may 
be changed from one form to another. 

Species hove survived because of adaptations and adjustments 
which hove fitted them to the conditions under which they live. 

The energy of solor radiation is continuolly working changes in 
the surface of the earth. 

There hove been profound changes In the climote, not only of 
eertoin regions, but olso of the earth os a whole. 

The evolution of the eorth has come os o result of noturol forces. 
to"'t'he°sun"'° 

All life hos evolved from simple forms. 

unL'of'time*'"’ ‘f otdinury 

dir:::: tr^r"' 

r:." ° ond habits of living 

Thsr© Qr3 procfi^^ac lU..* ^ 

to its continued existence °'' 9 anism that are vital 

Chemical and Dhv*ii-/,t ...t. 

changes. oiges are manifestations of energy 
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19. There are fewer than one hundred chemical elements. 

20. Every substance is one of the following; (a) a chemical element, 
(b) a chemical compound, (c) a mechanical mixture. 

21. Certain material substances and certain physical conditions ore 
limiting factors to life. 

22. Light is a limiting factor to life. 

23. Sound is caused by woves which are produced by a vibrating 
body and which can affect the auditory nerves of the ear. 

24. Gravitation is the attroctive force that influences or governs the 
movements of astronomical bodies. 

25. Machines are devices for accomplishing useful transformations of 
energy. 

26. Any machine, no motter how complicated, may be analyzed into 
a few simple types. 

27. The properties of the different elements depend on the number 
and arrangement of the electrons and protons contained In their 
atoms. 

28. All matter is probably electrical in structure. 

29. The applications of electricity and magnetism In the home and in 
industry have revolutionized the methods of living of many people. 

30. Heredity determines the differences between parents and offspring, 
as well as the resemblances. 

31. The kinetic energy of the molecules determines the physical state 
of matter. 

32. The gravitational attraction between the earth and a mass of 
unconfined gas or liguid couses the pressure of the liquid or gas 
on the surface of the earth. 

33. Liquid or gas pressure is exerted equally in all directions. 

34. Chemical changes are accompanied by energy changes. 

35. A change in rate or direction of motion of an object requires the 
application of an externol force- 

36. Radiant energy travels in straight lines through a uniform medium. 

37. Electricity is a form of energy that results from disturbing the 
position of the regulor paths of the electrons. 

38. In a chemical change, a quantitative relationship exists between 
the amounts of substances reacting and the amounts of the sub- 
stances that are products of the reaction. 
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for his specific courses but he may find it wise to check the breadth of 
these objectives and add others if the set seems too narrow in scope. 

The teacher should always remember that long range objectives are 
not written for pupils to verbalize. Mere verbalization does not add 
to understanding but does give an impression of mastery. Many a 
teacher has ended prematurely his efforts at developing understand- 
ings because the statements of his pupils led him to believe that his 
objectives had been attained. 


Setting short range objectives. Limited objectives used to govern 
demonstrations, reading assignments and other learning activities are 
usually expressed as specific learnings and skills: 

Kingfishers and bank swallows nest in holes in sand banks. 

Zme displaces hydrogen from hydrochloric acid. 

The former might be an objective for a field trip; the latter an objective 
or a laboratory experiment. The list below gives the specific learnings 
set up as o jectives to be met in a unit on fire; each of these objectives 
may govern several activities : 


"’‘1' >0 burn in a closed space. 

■ Lfl“coi“sl!rc^t 

combustion takes place where the com- 
bustible gases come in contact with air 

' hSus and ol, resulls in a non- 

I''?' •“ 'aise a combustible substance to 

amS nf I 1 of the substance, the 

arnount of water present and other factors. 

is in a''fiM"y°Sed Matr”''”’' “'"''“'““a substance 

8 HeS Nation, 

9' tS subsmnee can ignite some substances, 

osygen aupports%ombustion is ealled 

11^ Fire mat'S’S ™"’;.'’! ® aombustible substance. 

moW^g ” by re- 

l.liLdwithLtZ'tdtotled°ttaT^ 

The simpler the language in wl.ich^°'“' ®“P“flniality. 

the verbalizations o^f t& pupils prfn “ ®'‘P«“nd the more likely that 
Various criteria rmv ^ Will approach the desired objective, 
jectives ^ «hort range ob- 

of’the'^'^s"'’”' ‘“"“"S' ''nine in the lives 
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2. Timclitwss. Learnings should be concerned with material fa- 
miliar at the present time; not with obsolete devices and ideas. 

3. Fitness. The learnings should fit into a sequence leading towards 
a long range objective. 

4. Appropriateness. The learnings called for should be appropriate 
for the maturity and backgrounds of the pupils concerned. 

5. Practicality. Experiences needed for the development of the 
learnings should be possible. 

The third criterion is the one most frequently employed and is some- 
times the only one employed, even to the exclusion of all general edu- 
cation objectives. Certainly the criterion is an important one, but over- 
emphasis upon it may result in neglect of the learner. 

The last criterion does not receive enough attention. Specific learn- 
ings are often set up as objectives without consideration for the means 
by which the learnings are to be obtained. The teacher may then find 
himself depending upon lectures and reading assignments when his 
pupils do not have adequate backgrounds to benefit from these. 

A commonly used technique for the selection of specific subject mat- 
ter objectives employs the developmental approach. A major general- 
ization is written down and under it are listed the learnings that are 
considered essential for partial or complete understanding of the 
generalization. For example, referring to the generalizations for a 
unit on fire (page 302), the major generalization may have been 
written as “A fire is a chemical union of two or more substances” and 
the specific learnings as listed may have been considered as leading 
towards the generalization. 

The specific learnings become tentative short range objectives sub- 
ject to evaluation by the criteria listed above. A program based on 
these obj'ecfiVes is iogicaWy organized, its pattern is more or less tra- 
ditional, and it is subject-matter centered. Much good teaching has 
been done with this type of program. 

A second technique for establishing limited subject matter objectives 
is more opportunistic than deliberate. An area for study is first decided 
upon. Then a survey of pertinent learning situations is made. From 
these last a list of possible learnings is determined and set up as short 
range subject matter objectives: 

Mr. Barker, when planning a unit on garden soils for his ninth grade 
general science class, listed os many suggestions for field work and experi- 
ments as his facilities permitted. These are given below. 

Field trips: 

1. Collect samples of soils 

2. Observe lop soil and subsoil 
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3. Test pH of soil in nearby gardens 
4 Study compost heaps and humus 
5. Visit garden store to study fertilizers 
Experiments: 

1. Test drainage of soils 

2. Test capillarity of soils 

3. Test water retention of soils 

4. Experiment with effects of leaching 

5. Discover effects of lime on soils 

6. Test soils for structures produced in drying 

7. Experiment with soil conditioners 

8. Test effects of humus on soils 

9. Experiment tvith growing plants in difierent soils 

10. Experment with effects of soil "nutrients” on plants 

11 . Determine components of soils 

12. Classify soils 

/fs(, he turned to available reference hooks, slides and 
hrsthand ^ ^^fpplement the learnings obtained from the 

would hrln ti If Hc also listed a number of activities that 

Z f ^1‘rnmarize and organize their learnings, 

which he tfZalT planning did Mr. Barker list the learnings 

became his specific st.hjcct matter objectives. They are listed below: 

1. -QnJT A...I , 




drainage. *""** '^^ retain water in soil; sand a’nd gravel increase 

gtaveTcS”an^humus'!‘’™‘''' amounts of sand, 

he chan”e'dhy°itag hmT”' T ’''S’’*')' alkaline; the pH can 
5. Humus is the nroduct^nf H ’ chemical fertilizers. 

B. Top soil dfcr^ rlinJ^nT"'”" 

7. Fertilizers add cLno^u 

8. Soil is an imnortin/'n-.t i proper plant growth, 

to avoid damage.* resource that must be carefully used 


local resources Thc'^onljT objectives makes full use of 

tained salisfactorilv bv 

“learning by doing.” WitI, carc'nThe” * P"* “P“" 

learnings lead towards an t he selection of activities the specific 
h towards an understanding of broad generalizations. 
Pupils end sobiect mutter obieefive, 1 . a , 

they are to work piirposefiillv TI.^ “f” °hiC':t‘''CS if 
pupils adopt the tcadlcr's 1* reached when 

Siitn. Tliis happens in tIi„SCZ“ r"’?" 
upon their immraliate needs. A^olescen^ wa°nt‘’in°fr'".'''"' 


Objectives for science teaching 


305 


Boys want to learn about automobiles and how to be physically out- 
standing. Girls want to learn about cosmetics and how to be attractive. 

Outside these portions of the program, however, young people are 
less likely to accept the teacher’s subject matter objectives. Few of 
them are imbued with a love of learning for its own sake. They rarely 
show interest in inclined planes and protoplasm as abstract ideas. 

The teacher who looks beyond the immediate needs of adolescents 
towards some of their future needs and towards the needs of society 
may attain his subject matter goals by setting them up parallel to ob- 
jectives which his pupils will accept readily. He may make use of 
adolescent urges to produce tangible things, to manipulate, or to work 
with close friends. As pupils work toward their own objectives, they 
develop the learnings and skills that the teacher believes they should 
have. 

Below is a list of a few teacher objectives and some corresponding 
pupil objectives that would result in the same learnings. 

Teacher objectives Anticipated pupil objectives 

To show how fuses protect homes To overload a fuse and make it 

‘blow” 

To teach the principle of the photo- To set up a system that <vill ring a 
electric cell bell when a person passes nearby 

To determine the conditions needed To make seeds grow 
for seed germination 

To learn how to read a topographic To find home and other familiar 
map places on a map 

To learn the parts of a plant cell To use a microscope 

To understand the importance of To be more popukr 

good posture 

To learn the names of common trees To make a leaf collection 

To study drainage in soils To set up an experiment that shows 

difference in drainage. 

These are illustrative only. Pupils react differently in different situa- 
tions. Commonly several different pupil objectives must be set up for 
each teacher objective in order to provide for a wide range of pupil 
interests. The teacher must depend upon liis knowledge of his own 
pupils in trying to set up pupil objectives. 

Even as pupils work towards their own goals, the teacher should 
help them become conscious of tlicir subject matter learnings. At the 
conclusion of an assembly program produced by a science class, a 
portion of a period could be spent profitably in summarizing the learn- 
ings that resulted; later these same learnings could be tested and 
grades given for achievement. Tlius pupils find added satisfaction in 
the knowlc<lgc that they arc working towards the broad goals of cdu- 
cation. 
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These objectives are stated so broadly that their applications to 
science teaching are not immediately obvious. They need special in- 
terpretation before they can determine what is done with the content of 
the science program. 

Professional literature contains the results of many different attempts 
to break down broad general objectives into more usable form.^ (See 
page 308. ) Curriculum groups usually spend considerable time on this 
phase of planning. However, the final statements, succinct as they must 
be, have deep significance only to those who make them or who have 
made their own. There are too many implications to be expressed 
adequately in a single sentence. 

Each science teacher, early in his career, should take time to think 
through the purposes of his teaching. His thinking will run into para- 
graphs and chapters, but at the end he can sum up his thought in a few 
brief statements that will guide him in all his future planning f nd 
classroom teaching. 

Helping young people fit themselves into their society. Young people 
need extensive practice in working together, both in large and in small 
groups. The science program abounds in opportunities for group 
work. A large share of the desirable activities are best carried out by 
groups of two or four pupils each. There are also many opportunities 
for pupils to participate actively in larger groups. 

Group organization may be completely informal. Two or three 
pupils may undertake a special project even as the remainder of the 
class continues with its regular work. Such a group needs little super- 
vision and may work in a comer of the laboratory, in the library, or in 
the science preparation room. Among the projects which one of these 
groups may assign to itself is the preparation of a demonstration to 
present to the class, the building of a model, or the writing of a report. 

Formally organized group work may be employed. A class may be 
divided into groups of different interests, each group working on its 
own problem. Or the class may be divided into equivalent groups, each 
of which contains individuals of special abilities, one member being 
a good leader, another an artist, another a good writer, another with 
mechanical skills, and so on. 

The science program can be used to encourage pupils to work in 
groups outside school hours. Pupils like to work on projects at each 
other’s homes. They like arranging visits to see natural features of the 
region. They like to go in two's or three's to interview authorities 
for answers to special questions. 

2 For an excellent summary of some of these efforts see chapter two of Heiss, 

E. D., Oboum, E. S., and Hoffman, C. W., Modem Science Teaching, Mac- 
millan, New York, 1950. 
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DESIRABLE OUTCOMES OF A SCIENCE PROGRAM * 

Subject matter gains; 

1. To acquire information useful In solving the problems of every- 
day living. 

2. To acquire Information essential for the proper care of our bodies. 

3. To acquire information essential for the development of proper 
attitudes towards the conservation of our natural resources. 

4. To acquire information helpful in the wise choice of vocations 
and ovocations. 

5. To acquire Information assisting in the development of an appre- 
ciation of the environment ond the processes that take place in it. 

6. To acquire information that develops an understanding of the 
responsibilities of the individual and society. 

Attitudes: 

1. To develop a critical attitude towards ony statement. 

2. To develop an attitude of openmindedness. 

3. To develop o wholesome oWtode towords sex ond sex relation- 
ships, 

d. To develop o sympothelic atlilude towards the problems of other 
living things. 

5. To develop on attitude of respect for the achievement of scientific 
research. 

6. To develop a sense of responsibility in the individual for his place 
in society. 

Habits: 

1 . To develop the habit of looking for cause and effect relationships. 

2. To develop the habit of delayed judgment. 

3. To develop the habit of being critical of authority. 

4. To develop the habit of looking to experiment for proof. 

5. To develop the habit of being inquisitive. 

6. To develop the habit of using all the senses. 

p' T° habit of noting new achievements in science. 

8. To develop desirable health habits. 

Skil/s and Abilities: 

1. To develop the ability to use the scientific method. 

eve op s Ills in handling the common materials of the 
environment. 

3. To dovolop creative obilBI« „ applied .lienee fields. 

4. To deve op obility ,.ad scientific moteriol. 

6 To dr° 1°'’ ' “bovt science. 

^ 6. To develop the ability to draw soond conclusions. 

19X7.''°"* ° rummer worlrihop gro.p rf rtience f.orheri at the ttniverilty of Omaha, 
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Special mention must be made of the opportunities for social par- 
ticipation provided by science clubs and science fairs. Once the pat- 
tern for conduct of these institutions has been established, pupils are 
able to conduct them with remarkably little supervision. They gain 
practice in conducting the affairs of organizations. They have in- 
creased contacts with adults as they invite speakers, judges and re- 
porters to their functions. 

Maintaining physical health and well-being. As boys and girls ad- 
vance towards maturity, their need for information about themselves 
increases. They come less and less under the direct supervision of 
adults. In rebellion against the ways of childhood they are apt to re- 
fuse the counsel of parents. They need understandings that will help 
them make up their own rules for taking care of themselves. 

The scientific approach to the care of the human body is more ef- 
fective than indoctrination. Pupils who have made a survey of fire 
hazards in their homes understand belter the need for precautions. 
Pupils who have made a study of pedestrian reactions at busy inter- 
sections are more likely to use caution themselves in similar situations. 
Pupils who have studied the dietary choices of their schoolmates are 
more conscious of the need for making wise decisions in selecting foods. 

The scientific approach permits pupils to arrive at their own deci- 
sions. A boy or girl may refuse to accept an arbitrary statement by an 
adult, but if he understands the principles involved he is apt to accept 
the same conclusion for himself. And of great importance, he is able 
to substitute a new conclusion if he should be presented with new 
evidence. 

The biological segments of the science program have long accepted 
responsibility for helping pupils maintain their physical health. Most 
of these courses include material on the study of the human body, on 
the nature of diseases, and on health practices advocated by health 
specialists. 

The physical sciences can make equally important contributions, 
but full advantage of these opportunities is rarely taken. All adoles- 
cents are in great need of information about the behavior of objects in 
motion, including themselves, their bicycles, and automobiles. Older 
adolescents are in special need of understanding the behavior of auto- 
mobiles at high speed. These understandings are best developed dur- 
ing the study of mechanics. 

Mr. Neale organized a unit on automobile behavior for his ninth grade 
science classes. Pupils began with experiments in which toy trucks were 
rolled down inclined planes to compare the energies developed under dif- 
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ferent conditions. These learnings were applied to full scale automobiles 
traveling at various speeds. 

On a field trip the pupils were taken to see an automobile that had been 
wrecked in a high-speed collision. On the way back to school the pupils 
stopped at a body shop to learn something of the magnitude of the forces 
needed to straighten even minor bends in frames and axles. 

The unit continued with a study of reaction time and the distances cars 
might travel during the reaction-time interval. These distances were laid 
off on the street in front of the school. To these distances were added those 
needed to stop cars with good brakes. The unit culminated with a demon- 
stration by the police safety bureau using a car equipped to show stopping 
distances at various speeds. 

Understanding sex. It is but natural that pupils of high school age 
should be concerned with sex. The changes within their own bodies 
and the social pressures exerted from every side inevitably make them 
conscious of this facet of their existence. The effects of their interest 
can be either healthy or unhealthy depending upon the attitudes de- 
veloped during this period. 

Adolescents need help in adjusting to the experiences of sex that 
now face them. They need both knowledge and a frank attitude to- 
wards the topic. The purely physiological aspects of sex are easily 
handled in the science program. Basic understandings and a much 
needed vocabulary can be developed through a study of reproduction 
in plants and animals. Thereafter in a study of human reproduction 
young people find nothing unusual or mysterious. 

Boys and girls need more than a knowledge of the biological as- 
pects of sex to meet situations wisely. They need understandings 
about the social and moral aspects as well. This is a problem that 
requires the cooperation of many agencies. The science program must 
assume its share of the responsibility. 

Helping pupils with personal adjustment. Adolescence is a difficult 
period for boys and girls. They are discarding the safe and tested 
re ations ips of childhood and starting out again to make completely 
new adjustments. Their values are changing rapidly; they want the 
status of adults and the approval of their fellows more than anything 
else. They tend to be abnormally conscious of their limitations and 
they often ignore their real strengths. 

Probably t^ greatest help teachers can give adolescents is a sense 
of security. Teachers can help them recognize their strengths and 
compensate or their weaknesses. They can help them win the ap- 
prwal of their peers and find a place in the society of their fellows. 

The diversified nature of the science program permits teachers to 
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obscrv'c pupils under various conditions and thus determine their 
special strengths. Once these abilities have been discovered, teachers 
can provide opportunities for pupils to develop tlieir talents and build 
tlic self-confidence tliat comes with success. 

Success may improve personal adjustment by drawing attention 
away from limitations. Commonly an adolescent’s failure to fit into 
his world is due to internal doubts about his own worth, doubts that 
cause uncertain and awkward behavior. But if he finds success he 
may discover tliat his weaknesses arc trivial or imagined, and he now 
approaches situations from which he might once have fled. 

BilUj teas having trouble adjusting to the junior high school. He was piti- 
julhj sc]f-conscious~h\ushing, slatnmcrtng, shrinking, moving chim^il^— 
tehcncecr he found himself the center of attention. His classmates, with 
typical adolescent callousness, made hint the butt of their jokes and called 
him '‘Finky.“ 

Billy s science teacher heard that Billy displayed real ability in mathe- 
ftwtics classes and that he lost some of his self-consciousness while ex- 
plaining the solutions of problems. It was easy for this teacher to provide 
problem situations involving mathematics in general science. Billy quickly 
outshone the others and participated more fully in class work. His class- 
mates began to term him a '‘mathematical whiz.'* By the end of the year, 
Billy was an accepted member of the class and had lost much of his shyness. 

The effort that Billy’s science teacher needed to put forth to provide 
situations favorable for Billy’s growth was trivial, but the results were 
tremendous. Science teachers can do so much to help their pupils in 
this way, not by neglecting the subject matter aspects of their program 
but by actually strengthening them. 

Helping pupils appraise themselves realistically. The school popula- 
tion of today is a varied one. Represented among the student body 
are all manner of special talents and skills. Rarely is there a pupil 
who seems to possess no capacity whatever. However, our schools have 
long preoccupied themselves with academic skills alone. The unhappy 
result has been that large numbers of pupils lacking high ability in 
academic work have become convinced that they are complete failures 
—that they lack all capacity for success. 

Our society has in it a place for each person, no matter what his type 
of ability. Indeed, our society must have individuals with different 
skills. For our schools to function properly, they should help each 
pupil appraise himself realistically, give him pride in his special 
talents, and guide him into the role most suited to him. 

'The science program presents many opportunities for pupils to 
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discover talents they did not suspect, and thus to emerge from a feeling 
of general inadequacy. The science program also helps young people 
find compensating satisfactions when they are disillusioned with the 
abilities they hoped to possess. 

Godfretj was fully determined to become a veterinarian. His choice did not 
seem realistic because it was doubtful whether or not his family could 
afford the five years of Zraming he would need, and because Godfrey did 
not seem to possess the academic ability that would win him scholarships. 
Nevertheless his general science teacher encouraged him to send for college 
catalogs and learn all he could about entrance requirements, the nature of 
the cottrse work, and the opportunities for graduates. At the same time 
he incited Godfrey to join the science club and engage in its activities. 

The suspicions about Godfreys lack of academic abilities were confirmed 
as Godfrey progressed through high school; he was barely able to maintain 
passing grades in some of his courses. But even as he was being disillusioned 
about his academic ability he was Ending deep satisfaction in his work 
with photomicrography, which had developed from his science club activ- 
ities. His pictures were of near^professional quality and tvon him much 
commendation. 

So instead of becoming depressed, Godfrey actually grew in poise and 
self-assurance as he went through high school. Seemingly without regrets 
he abandoned his plans for veterinary school and investigated careers in 
mcdiccil photography, finaltij deciding upon a school that provided work 
experiences during which he earned money that helped him with his expenses. 

Encouraging independence. When boys and girls set up experiments 
they have planned themselves instead of blindly following directions, 
when they check books against reality, when they politely but firmly 
correct their teacher s mistakes, they are on their way to being inde- 
pendent. 

The independent person comes to conclusions only after careful de- 
liberation. He questions authority, not rebelliously, but in terms of 
t e qualifications of that authority. He maintains reservations in ac- 
cepting the conclusions of others until he has made his own investiga- 
tions. His mind is always open and he is willing to change his opinions 
when confronted with new evidence. He is tolerant of the opinions 
of others and can prove them wrong without gloating. These char- 
acterisUcs are so typical of the true scientist that they are often referred 
to as the scientific attitude” or the “scientific way of thinking.” How- 
ever, they are not confined to the scientists, nor is this way of thinking 
confined to science subjects. Independence of thinking is universal in 
finnlication. ® 
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Science teachers are in an advantageous position to develop this type 
of thinking. Much of the material with which they deal is common- 
place. Pupils can solve many problems by experiment and by direct 
observations in the field. They can check the statements of books, 
teachers, and other authorities against reality. They can resolve con- 
flicting conclusions by checking and rechecking data. Little of the ma- 
terial they study is controversial. They are able to make decisions 
without the handicaps of prejudice and superstition. They do not 
become emotionally involved, as when they are considering problems 
of religion, race, politics and social relationships. 

Independence of thinking is fostered in the science program by ex- 
tensive use of problem solving situations. In this type of teaching 
pupils are challenged to discover their own facts and draw their o\vn 
conclusions instead of being forced to depend upon others for their 
thoughts. 

Independence of thinking is a product of increased pupil participa- 
tion in the planning process. Pupils have opportunities to define their 
own problems, suggest methods of attack, delegate responsibilities, 
and accept their own results with no more than minimum guidance 
from the teacher. Independence of thinking is stifled in the teacher- 
dominated classroom. 

Giving pupils exploratory experiences. Every young person needs op- 
portunities to explore his own strengths and weaknesses, his likes and 
his dislikes. He needs opportunities to study the world about him and 
the things in it. One requirement for exploration is freedom. No one 
can be forced to explore; he must follow his own interests. Another 
requirement is a broad range of situations in which to work. Pupils 
wih not explore areas in which (hey feel certain of failure. They will 
not explore situations that seem to present no challenge. 

Occasionally pupils express a wish to e.xplore areas in which the 
teacher feels there is small likelihood for success. They should have 
freedom to do so. It is far better for a pereon to discover his own limita- 
tions than to be told about them. Equally important, pupils often have 
unsuspected abilities that are revealed only when the pupils put them- 
selves to the test. Pupils need opportunities to fail as well as to suc- 
ceed. Only by failure can they discover their limitations. But they 
should be able to balance failures with successes, and failures should 
not result in condemnation and ridicule. 

Project work in science permits individual e.xploration of interests 
and abilities. Through the use of projects for individuals and for sm.ill 
groups almost every type of need can be met. Within one unit, for 
instance, projects may be as simple as the preparation of a chart based 
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how to lubricate a bicycle or clean dirt from under their linger nails, 
or use a fire extinguisher, or care for a pet, or store athletic equipment. 
It is better to help them practice problem solving on these situations 
than on hypothetical situations that may never develop. They benefit 
more from studying the principles of buoyancy as applied to them- 
selves in a swimming pool than by a study of submarines. They are 
benefited more by learning how to apply the laws of stability to them- 
selves while dancing than by a study of gravitational forces on the moon. 

The science program can be built up almost completely on a prob- 
lem solving basis. To be most useful to the pupils, the situations should 
be as realistic as possible. Many problems can be taken from real life. 
Other problems can be so similar to real life problems that transfer is 
easy. 

Helping pupils with personal grooming. Many pupils need help with 
personal grooming, particularly when the home fails to emphasize this 
aspect of social living. Most pupils need information about soaps and 
deodorants, about shampoos and hair dressings. They need under- 
standings about procedures for cleaning their clothing. They need in- 
formation about diet and its effect on appearance. They need help 
with posture and choice of dress. The science program, though not the 
only agency with obligations in this area, can provide a good part of 
the needed information and specific help. 

Chuck had ended his preadolescent rebellion against the forced washings 
of childhood and was giving more attention to personal grooming. He 
completely neglected his fingernails, however, and they were most im- 
attractive. 

Had the science teacher directed attention openly to Chuck’s begrimed 
nails. Chuck taould have resented being treated like a child. So, during a 
unit on personal health, the teacher appointed three attractive girls to list 
the characteristics they liked to see in boys. Clean fingernails were among 
the items listed. Chuck rarely failed to clean his fingernails after that. 

Within the science program there are many other opportunities to 
make pupils conscious of the need for good grooming. Any discussion 
of good practices is certain to call the attention of individual pupils 
to their own carelessness even though the discussion is kept impersonal. 
Personal inventories that list hair, eye, and skin color help pupils recog- 
nize the need for color harmonies in their dress. Analysis of individual 
posture, especially with the aid of a three-leaved mirror, helps a pupil 
recognize his need for corrective measures and properly styled clothing. 

Preparation for later experiences of life. Adolescents have so many 
immediately pressing problems that th^ are little apt to be concerned 
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with the remote future. True, they think in a vague way about their 
activities as adults but they are usually more certain about wbat they 
do not want to do than about what they want to do. Even when a 
young person has decided upon a career, it is rare that he will work 
towards ends that can be realized only a decade or so later; he will 
usually work towards more immediate ends. 

Science programs have long been organized on the preparatory' basis 
alone and have been universally condemned by educators who look 
at schooling broadly. Science programs can be elTective only if they 
recognize the immediate needs of pupils. However, the preparatory’ 
function need not be neglected. It is usually possible to work towards 
several objectives at the same time. A boy learning about an automo- 
bile he wants to drive now can be gaining understandings of mechanics 
he can put to good use later in life. 


Consumer information. When boys and girls leave school and take full 
responsibility for their money, they arc in need of information that is 
sometimes taught as "consumer science." Tliis information helps them 
buy wisely and take care of what they have. Tlic study involves eco- 
nomics, science, and conservation. It includes a study of advertising 
claims, manufacturers recommendations, testing procedures and rela- 
tive values. 

Boys and girls will also need information someday about family’ life 
and care of the home. They should be able to take care of electrical 
equipment, heating plants, and automobiles. They should know how 
to plan diets, maintain sanitation, and lake care of pels. They should 
be able to plan and take care of lawns and gardens. 

Younger pupils feel little pressing need for such information; what- 
ever is taught must be included in activities that have more direct ap- 
peal. As pupils near graduation, however, many of them become more 
aware of the future. Senior high school courses can afford to give sub- 
stantial blocks of time to the study of consumer science. 


ocationa exploration. Among the incidental outcomes of exploratory 
wor m t e science program is an expanded acquaintance with the 
na ureo scienti c occupations. Vocational opportunities in the science 
laboratory technicians who need little academic 
a 1 1 y or raining to research scientists who need almost a decade of 
rigorous training Ever since World War II the demand for all ty-pes 
of scientiffc workers has far exceeded the supply. 

wou no e wise to set up a science program as a vocational 
guidance program. To do so would limit its usefulness. But teachers 


scientific occupations. They can allow 



Objectives for science teaching 


317 


pupils having special interests to investigate further the nature of 
these jobs and the training required. 

Pupils may discover from their experiences with science materials 
whether or not they would like the type of work required in certain 
occupations. They may someday be able to use this e.xperience in 
choosing a field in which to work. It may also prevent them from 
choosing an occupation for which they are temperamentally unfitted. 

Avocational exploration. One lasting contribution of the science pro- 
gram is the development of healthy interests. Many of the activities— 
model making, bird study, collecting, gardening— lead directly into 
healthy, satisfying, leisure-time pursuits. 

Perhaps it is to this aspect of science education that so many au- 
thorities refer when they speak of developing an appreciation of the 
environment. Certainly as adults move past their first troublesome 
years and have time to look about them, they can find deep satisfaction 
in the things in their environment. It is during these later years that 
gardening, mineral collecting, bird study and photography have such 
great value in maintaining emotional and physical health. 

Conservation education. Conservation practices become increasingly 
needed as the population of this nation grows and as serious inroads 
are made on the natural resources. In many instances in the past 
waste accounted for as much of the depletion as did use. The picture 
is but little better today. Most people now recognize in a general way 
the need for more careful use of their natural heritage, but few see 
where specific applications can be made and bow the problem relates 
directly to themselves. Non-renewable resources dwindle at an ap- 
palling rate. Soils continue to wash downstream. Use of timber still 
exceeds yearly growth. And the nations beauty spots, so needed for 
an expanding population, are gradually transformed into junk piles, 
slums, and cheap amusement arcades. 

The science program is obviously in a position to make some of the 
most important contributions to conservation education. Science deals, 
among other things, with animals, rocks, soil and water, and with the 
scientific principles that control these natural features. The science 
program is well adapted to help meet the three general objectives of 
conservation education: (1) to give information about natural re- 
sources, (2) to develop desirable altitudes towards the use of these 
natural resources, and (3) to give e.xperiences with conser\’ation 
practices. 

The secondary school science program should give attention both 
to the broad aspects of conservation and to the more limited aspects 
that affect pupils directly. An understanding of the problems in con- 
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serving the nation s forests, its soil, its water supply, and its minerals 
will be of importance within a fe>v years when boys and girls be- 
come voting citizens and must decide upon matters of public policy. 
But more real to them are the understandings that help them make im- 
mediate decisions— the care of tools and machines to conserve minerals, 
the reduction of food spoilage to reduce soil depletion, fire prevention 
to conserve lumber, and the reduction of heat losses from homes to 
help save fuel. 

Attitude development is a natural outcome of building a background 
of understandings. Having seen a badly eroded pasture and having 
learned the value of topsoil and the difficulty of replacing it, pupils 
see immediately the waste and the need for conservation practice. 
They need no indoctrination; they draw their conclusions from the 
facts. 


Helping with academic skills. Success in the adult world is likely to 
depend in large part upon such academic skills as reading, speaking, 
writing and computation. These skills are essential for many of the 
activities of daily living and almost all vocations utilize some of them. 

Pupils entering the secondary school have been given practice with 
certain elementary phases of these skills but they have been no more 
than introduced to the more advanced phases. No pupils have mas- 
tered the skills; some, for one reason or another, are seriously deficient. 
The function of the secondary school is to take up where the elemen- 
tary school left off, remedying weaknesses and providing practice 
needed to bring about general improvement of these skills. 

Subject matter specialists do not always recognize their obligations 
to help develop academic skills. A survey of 2,275 schools showed that 
guidance in reading was provided by: 


1,602 English departments 
871 Social studies departments 
341 Natural science departments 
ooo language departments 

228 Mathematics departments 
167 Commercial departments 
48 Practical arts departments 
23 Fine arts departments * 


Such data indicate that most secondary school teachers assume 
eUher that pupils should have mastered reading by the end of the 
sixth grade-a ridiculous assumption-or that the responsibility for 
ur er eve opment belongs to someone else— a shocking assumption 

Schools," Research Bulletin of the Na- 
tional Education Association. Vol. 20, No. 1. Washington. 1942. 
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in the light of the importance of this skill to the young people who 
must depend upon it tor success in later life. Could similar surveys 
be made for the other skills it is likely that similar negligence would 
be revealed. 

None of the objectives of the secondary school is more important 
than the development of academic skills. Science teachers can meet 
their obligations by taking advantage of the strong interests developed 
in science to encourage reading for information, mathematics for 
helping obtain information directly and for making information more 
meaningful, and writing and speaking so that information can be 
shared with others. Later chapters will give specific helps for attain- 
ing this objective through the science program. 


Suggested activities 

1. Write up a list of specific subject matter objectives for a unit 
entitled ‘The Human Body.” 

2. List the long range subject matter objectives for an integrated 
course in physical science for tfie twelfth grade. 

3. According to the broad concept of the educational program, our 
schools should help an individual (1) to understand himself better, 
(2) to solve the problems of everyday living, (3) to adjust himself to 
his society. Obtain syllabuses in chemistry, physics, biology and gen- 
eral science as developed for a single state or local school system. Set 
up four committees to investigate how each of these syllabuses respec- 
tively contributes to these general goals. 

4. Begin making a list of the general objectives which you believe 
should govern your teaching. Discuss your list with others and 
modify the list as your ideas change. Keep the list to guide you during 
your cadet teaching experience. 


Suggested readings 

Brooks, Harold B., “The Administration Looks at Science Education 
Objectives,” Science in Secondary Schools Today, Bulletin of the 
National Association of Secondary School Principals, Volume 37, 
Number 191, January’, 1953, pages 11-15. 

Educational Policies Commission, Education for All American Youth, 
National Education Association, Washington, 1944. 

Grant, Charlotte, "A High School Teacher Looks at Science Education 
Objectives,” Science in Secondary Schools Today, Bulletin of the 
National Association of Secondary' School Principals, V^olume 37, 
Number 191, January', 1953, pages 16-17. 

Haas, H. B., “Objectives of Science Teaching.” School Science and 
Mathematics, January’, 1946. 

Heiss, E. D., Obourn. E. S., and Hoffman, E. W., Modern Science 
Teaching, Macmillan, New York. 1950, Chapter II. 
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School Levels, American Book Company, New York, 1934, Chapter 
III. 

A Program for Teaching Science, Thirty-first Yearbook of the National 
Society for the Study of Education, Part I, Public School Publishing 
Company, Bloomington, 111., 1932. 

Science Education in America, Forty-sixth Yearbook of the National 
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the Commission on Secondary School Curriculum, Appleton-Century 
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PLANNING 
SCIENCE LESSONS 


chapter 13 I M onday morning Miss Johnson 
met her general science classes with only the vaguest of plans in mind. 
Things went badly from the start. The pupils were restless and little in- 
terested in the material she was trying to present. The dismissal bell had 
a welcome sound. 


‘‘My.t^ sighed an exhausted Miss Johnson as she walked from the building 
with another teacher, “Pupils jtist cant settle down on Monday, can they?" 

Miss Johnson spent half an hour or so Monday evening writing plans for 
the next day’s lessons. Tuesday morning she went to school a little earlier 
tJwfj iAsujil to prepare raateriah caJJed for hij her pJans. As she gafhere/J 
equipment for experiments and as she set up demonstrations, she found 
herself beginning to look forward to her classes. 

Teaching was much more enjoyable all day Tuesday. The atmosphere 
was relaxed and everyone seemed to be having fun. Goals were attained 
smoothly. Time passed swiftly. Miss Johnson ended the day tired but ivith 
the contentment that comes with a job well done. 


Careful daily lesson planning is the key to successful teaching. 
Regularly lookiig ahead permits a teacher to anticipate pupil reactions, 
to prepare adequately to utilize these reactions, and to a\'oid foresee- 
able difficulties. Lack of planning encourages fumbling and indeci- 
sion, with accompanjang disciplinary problems. 

A teacher without plans ends his day tired from his efforts to keep 
classes running smoothly and discouraged with his lack of success. 
A teacher with good plans is also tired, but his tiredness is temperet! 
321 
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with satisfaction and with anticipation for the next clay’s work. Tliere 
's all the difference in the world between the two. 


THE INFLUENCE OF PLANS ON PUPIL BEHAVIOR 

Attention is a form of pupil behavior that can be observed readily. 
Since ittention is essential for learning, e\'en though it may not insure 
learning, and since it can be measured more conveniently than interest 
and achievement, it makes a good criterion for judging the effectiveness 
of lesson plans. Other criteria must be applied as well but none show 
up the strengths and weaknesses of leaching procedures so effectively 
as obserx'alion of pupil reactions to material presented. 


Analyzing the performance of lesson plans. On the following pages 
four science lessons are anal)' 2 cd in terms of pupil attention. The data 
were collected by a single obserx’er sitting at the rear of the classrooms. 
At one-minulo intervals he recorded the number of pupils who seemed 
to be concentrating upon the lesson. He also made note of the t)'pe 
of classroom activities being carried out during the lesson. 

Later, the percentage of pupils showing attention was calculated for 
each interval, using the total enrollment of the class as a base. These 
percentages were plotted against time as shomi in figure 12. 

The resulting curve in each case indicates general shifts of class at- 
tention but tells nothing of individual pupil behavior. Should two 
points on the cur^’e show ninety percent attention there is nothing to 
to \\ hether the same or a different group of piipils were giving atten- 
tion at each time. o i t' i b b 


The areas above and below the cnr\-e liave interesting significance. 
Ihe area under the curve represents in pupil-minutes the portion of 
the period during which desiretl learnings may take place. The area 
a o\ c t le cur\’e represents in pupil-minutes the portion of the period 
during which desired learnings undoubtedly do not take place. 

ua ijsis of a lightly planned lesson. The lesson analj-zed in figure 12 
u as aug It y a cadet teacher who won high praise from his sponser 
eac ler or lis excellent class control. Analpis of this lesson, Umical of 
others he taught, gives the reasons for his success. 

the subject of the lesson was boffing water. During preceding les- 
sons le pupi $ lad studied other properties of water. At point A on 
- 'e teacher announced that two pupils would perform a 
demonstration they had prepared beforehand. The pupils heated a 
s opperec as containing a little water and made the cork pop out. 
the c^ise^ *‘^peated the demonstration. Then the)* explained 



Planning science lessons 


323 


At B the teacher resumed charge of the class and reviewed the 
steps and outcome of the demonstration. During his review he asked 
what steam looks like. Several arguments started at C and continued to 
D. To settle the dispute the teacher placed a flask of hot water over 
a gas flame at D. While the pupils were waiting for the water to boil 
and produce steam he directed them to make diagrams of the apparatus 



Tim* in minutes 


FIGURE 12. Attention curve of an eighth-grade general science class of 
twenty-six pupils during a well-planned demonstration-discussion type 
lesson. 

in their notebooks. As soon as steam issued from a tube coming from 
the flask he sent pupils in groups of three to look at the steam. By the 
time the diagrams were completed all of the pupils had seen the steam 
and noted its appearance. 

At E the teacher interrupted work long enougli to help the pupils 
summarize their observations and label their diagram correctly- He 
allowed a few more minutes for completing the diagram at F. 

At G he asked if any pupils knew the temperature of boiling water. 
Several pupils suggested 212° and tii’O suggested 100°. To obtain an 
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authoritative answer the teacher directed two pupils to put a ther- 
mometer in the flask of hot water and heat it again. 

Attention wandered a little while the pupils were waiting for the 
water to boil but returned again at H as soon as the boys began to 
read the thermometer. During the last five minutes the teacher asked 
the pupils to summarize their learnings in their notebooks. Most 
pupils completed the assignment quickly and sat waiting for the end of 
the period. 

This was a tightly planned lesson and was admirably taught. There 
vvas no confusion and little noise. Rarely was the attention of more 
than two or three pupils diverted from the subject at one time. The 
weakest point in terms of attention was the interval during which 
pupils waited for the water to boil the second time. 

The lesson was rather formal and did not provide many opportunities 
for individual initiative or for independence of thinking. However it 
was well suited for a beginning teacher who did not feel in complete 
control of the classroom situation. 

"" lesson in figure 13 

” “lister teacher of several years’ experience. His pupils 
‘I'oramas representing various types of environments, 

. groups of two or three. Planning and preparatory work had 

been done in previous periods. err j 

runted ^ ‘>'8 was inter- 

announe„d!.T.*r"r Principal. At B the teacher 

next sev^i ' , ''f “u ™ dioramas. For the 

and hevfn • “ 1 “ *eir materials 

:-nv nu! , ® "’"'''-I fr™ Fnnp grnnp answer- 

For^^eS"''- . "® "’“"rials and helping wifh techniques. 

of the gXr" ' '■' 8”^" f"” ^ 

IhfpmfisTev'an slackening interest. Increasingly 

t wa d fficir, "“''“.“bo"! ‘he mom and talk with each other. 
proTccts No^ethele ‘h^ talk coneerned the 

At D there was d™!-*''’ P’’°iee‘s continued satisfactorily. 

room for ddarThmrw eft r'"”'"'”" 

other punils Twr^ rxj groups and distracted 

when the teacher In V ^ scuffled with each other but stopped 

end of ,L period ° E o 

materials. Other Erouns’foll^ ^*^^“** *0 put away its 

“'™“' '>“'f 'he class had no1h?„g m dr’"'“ 

was happentag'!^ Whm h'c’did'Vp" 1!"’“*’ 

did at F, he announced loudly that the 
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period was far from over and that the pupils should keep on working. 
Most of the pupils resumed work but five minutes before the beli 
rang interest began dropping rapidly again. By the end of the period 
all but one group had put away its materials and sat waiting for the 
dismissal bell. 



Time in minutes 

FIGURE 13. Attention curve of a general science class composed of twenty- 
eight seventh-grade pupils during a period given over to project work. 


In spite of a few weaknesses this was a successful lesson. Any ob- 
server would have been impressed with the enthusiasm and energy 
of the pupils as they worked on their projects. Progress was notable. 
The teacher was not upset by the numerous small shifts in attention. 
He expected this. Only when he discovered some of the groups ending 
work prematurely did he exert his authority. 

In criticism one might say that the one type of activity was extended 
for too long a time for some of the pupils, although about half the 
class maintained high interest almost to the end. There should have 
been some provision for those pupils whose interest waned the most 
rapidly. 
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Analysis of an improperly planned lesson. The lesson analyzed in 
figure 14 was taught by a cadet teacher who had little control of his 
piipils and who did not recognize that his difficulties stemmed from 
( jreless planning. The lesson dealt with uses of compressed air. In 
previous lessons the pupils had studied the common properties of air, 
including its elasticity. 



FIGURE 14. Attention curve of a seventh-grade general science class of 
iirty-t yce pupils studying uses of compressed air bit demonstration- 
discussion procedures that were carelessly planned. 


The class was slow in coming to order. The teacher spoke sharply 
to the class as a whole and to individuals without effect (A). When he 
procUiccd a blowtorch, however, attention became universal and re- 
maincd high wliile he pumped up the torch and lighted it. 

1 11 1 ^ ^^‘'‘cher began making a diagram of the blowtorch on the 

blackboard, Uiniing his back on the pupils without giving them direc- 
tions for anything to do. A few pupils copied the diagram in their note- 
books but the majority did not feel obligated to do so. The teacher 
Ignored the increasing disturbance during the three minutes he took 
to make the diagram. 
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At B the teacher picked up a convection box and explained its use. 
Interest was high while she set up the demonstration but dropped 
quickly because only the pupils in the front rows could see the smoke 
in the box. The teacher asked two pupils to describe what they saw. 


B 



Time in minul«s 


CHfue of an eighth-grade general science class of 
planning las^imdequat^ ^emonstration-discussion type lesson for which 


vp^Hnn directed the pupils to make drawings of the con- 

the cn ? tl^eir notebooks. All but the one boy with 

room diirinJ*?!,^ Participated. Several pupils moved freely about the 
and lookinf^ r pencils, going out to get drinks 

fusion Af each others work. There was little noise and no con- 
nothincr nla ^ finishing the assignment. The teacher had 

Sie end o Z Je remainder of the p^iod. Five minutes before 
pJppIj period all had finished and sat patiently watching the 

werp^nadln could have been corrected easily. Her plans 

qua e. he did not have enough material to fill the period. 
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She thought not in terms of pupil growth but only in terms of subject 
matter. She had given no attention to the visibility of her demon- 
stration. A few more minutes spent in planning and a little more in pre- 
paring materials and her lesson would have been completely successful. 

Anticipating pupil behavior. Lesson planning is made much more 
effective by looking ahead to the possible reactions of pupils in each 
new situation. Analysis of a large number of lessons has produced 
several generalizations that can be used as guides in anticipating pupil 
behavior. These generalizations are listed below: 

1. Class attention is gained quickly by introducing a new activity. 

2. The longer an activity is continued the more rapidly the attention 
level declines. 

3. Activities vary in their ability to hold attention. 

4. A change to an activity distinctly different from its predecessor 
raises the level of attention. 

5. It is impossible to predict accurately how long class attention can 
be maintained by any one activity. 

6. The attention level drops quickly when pupils have nothing specific 
to do. 

Through the proper application of these generalizations it is possible 
to plan a lesson that maintains a high level of attention throughout a 
period. Such a plan reduces and may eliminate many of the problems 
of classroom control. It must be remembered, however, that control 
is not the only objective and that consideration must be given to other 
factors as well as to attention. 

THE ACTIVITY APPROACH TO LESSON PLANNING 

Could a lesson plan be no more than a list of topics to be covered, 
planning would be simple indeed. But boys and girls are not passive 
receptacles into which information can be poured as cream is .poured 
into bottles. They are active human beings and their learning processes 
are active ones. Lesson plans must include the things pupils are going 
to do in order to learn, as well as the things they are expected to learn. 

The importance of activities in (earning. Learning requires action on 
the part of the learner. Even when a pupil is listening to a lecture, 
reading a book, or viewing a film his mind must be accepting new 
impressions and relating these to other experiences if he is to learn. 
Most science learnings require physical participation as well. First- 
hand experiences depend upon the use of all the senses; many impor- 
tant learnings depend upon manipulation in order that touch and the 
muscular senses be brought into action. 
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Activities have another role that is not fully appreciated. Associa- 
tions do not occur spontaneously; incentives are needed. Occasionally 
pupils make associations with the deliberate intent of learning— perhaps 
they wish high grades or perhaps they wish to escape punishment- 
but usually they prefer to spend their energies in ways that promise 
more profit in terms of their immediate needs. 

Properly selected activities provide the incentive that adolescents 
need to learn the things teachers consider important. The pupils make 
the associations, not for the sake of learning, but because they need 
the associations to carry out the activities which seem important to 
them. ‘■ 



model matj be’ substituted the demanstrafion of a working 
the demonstration will nee^ * ^ (incepts gained will not be complete, and 
if the pupils are to 

reading viewi^^a^m learning activities. Many classroom activities— 

laree amount nf V, • ’ work, and many projects require a 

soL t“lat'r> » ThefoJertypeVich 

presenting vimrir. leammg activities, are satisfactory for 

organization -in 1 and may be used in summarization, 

organization, and review exercises. The latter type are essential for 
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firsthand experiences and may also be used for some types of sum- 
maries, organization activities, and review exercises. 

Some classroom activities are solitary in nature; these permit pupils 
to learn at their respective rates and in their respective ways. Other 
activities are social in nature; these take advantage of the gregarious in- 
stincts of adolescents and at the same time help prepare pupils for 
working together in adult life. 

Some activities hold pupils to closely supervised patterns of action. 
When employing such activities the teacher has opportunities to direct 
learning along desirable channels. Other activities give the pupils more 
or less responsibility for their own actions. These last activities give 
practice in planning, in setting and working towards objectives, and 
in self-control. 

Activities differ greatly in their ability to capture and hold attention. 
Spectacular demonstrations gain every eye immediately. Good films 
enthrall pupils for half an hour at a time. On the other extreme, there 
are reading exercises that interest pupils for a few minutes only and 
writing assignments that appeal to none. 

Activities vary in the amount of initiative and independence of 
thinking they encourage. A dictated notebook exercise requires little 
mental activity but sometimes has value in providing each pupil with 
presumably essential information. Completely different are true ex- 
periments which may involve high level thinking. 

Activities and the selection of swbfect matter. Many science topics 
are a pleasure to teach because so many appropriate activities may 
be utilized. Static electricity, for instance, provides many avcelJent 
lessons for general science because there are dozens of simple experi- 
ments, demonstrations without end, projects of all degrees of com- 
ple.xity, good films, and a great range of related readings. 

On the other hand, certain science topics may be ill-suited for 
specific teaching situations because so few appropriate activities may 
be employed. The study of genetics, as one example, docs not 
fit well into most general science programs. Genuine experimentation 
is rarely possible. Illustrative materials arc lacking or few in number. 
Emphasis must be placed upon lectures, readings, charts and picltires 
—sources of information which few youngsters arc prepared to inter- 
pret adequately. 

^ Lesson planning includes a consideration of the teach.ability of the 
topics proposed for Irealmeiit. Certain topics for wliicli few useful 
activities are available arc judged unsuitable at the vor>’ beginning 
and are replaced by others which can he taught more s.itisfactorily. 
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The need for balance In utilizing activities. Every activity is apt to 
have a different impact on pupils. Some pupils may benefit greatly 
from a specific activity; other pupils may find the same activity mean- 
ingless. When several types of activities are used chances that each 
pupil will find something of value are increased. Learnings are usually 
increased through the use of several types of activities applied to one 
topic. Several experiences tend to reinforce a specific learning. In 
a dition, the strengths of one activity help to compensate for the 
weaknesses of another. 

Overemphasis on one type of activity may deny pupils important 
benefits. Too much socialized work is apt to discourage independent 
work. Too much individualized instruction and solitary activity keeps 
pupi s rorn gaining practice in working together. An excessive quan- 
tity of reading takes the emphasis from first hand experiences, while 
too much manipulative work minimizes the value of books. 


Clossroom activilies and classroom control. Activities planned for a 
esson may ave several functions. Each is chosen in terms of some 
hmited subject matter objective. Each usually is directed towards some 
broad, general education goal. Each may also, by its interaction with 
other activities, play a pan in classroom control, 
cnntl'i™ p'^n 'hat was developed with the problem of 

onrtnn t‘" activities and occasional op- 

portunities to use the larger muscles: 


10 : 00 - 10 : 10 : 


10;10-10:1S; 

10:15-10:25: 


10:25-10:40; 

10:40-10:50; 


Topic— Electromagnets 

Ten question written quiz on properties of permanent 
magnets. 

Pupils exchange papers and correct answers. 

Jo n and Herbert demonstrate the electromagnet they 

Pupils in pairs making and testing an electromag- 
net. John and Herbert assist where needed, 
ass iscussion of results. Begin plans for discovering 
uses o electromagnets and making an exhibit of ways 
they are used. 


joyed abrupt end to the freedom en- 

pupils are helrl classes. During this solitary activity the 

Zt uerLS ^1 *■= tet questions. Following this 

to relax and A 

— ‘activitv win* 1 , 1 . ^ check their test papers. The 

y. hich has h:gh interest through the use of student demon- 


next 
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strators, welds the pupils into a single group, A comparatively long 
interval follows during which the pupils, acting in small groups, have 
opportunities to manipulate, to move about, and to let their interests 
diverge into different channels. The last activity brings the pupils back 
to act as a single group, restricting movement but encouraging con- 
trolled talking and free range of imagination. 

Consideration for the specific qualities of science activities in the 
fashion described does much to eliminate discipline problems. Three 
or four completely different activities in one lesson provide welcome 
variety. Proper alternation of the several types ends rigidly controlled 
situations before pupils rebel, and puls an end to periods of freedom 
before they develop into license and anarchy. Classroom control 
problems almost always can be traced to over-long use of one activity, 
or to an uninterrupted sequence of activities that hold pupils under 
tight control for long periods. 

Choice of activities for the insecure teacher. A beginning teacher or a 
teacher faced with a new group of pupils finds it >vise to employ only 
activities that present few control problems. He may prefer to choose 
for his first few lessons only activities that require little special mo- 
tivation such as those listed in the left hand column of table 10. Even 
the experienced teacher finds these activities useful on those difficult 
days that precede vacations or athletic events: 

Activities that need Activities that need 

little motivation strong motivation 

Watching films and filmstrips Preparing written reports 

Watching demonstrations Constructing elaborate models 

Taking short field trips Doing extended field work 

Taking short tests Taking long tests 

Doing simple experiments Doing mathematical exercises 

Preparing simple demonstrations Looking up answers to questions 
Constructing charts and models in textbooks and workbooks 

within abilities of pupils Doing extensive library research 

TABLE 1 0. Some common activities classified according to the amount 
of motivation pupils need in order to engage in them freely. 

Gradually, the teacher may work towards inclusion of activities 
listed in the right hand column. The first written reports may be 
short-a few sentences in length-and supplemented by diagrams and 
clippings. The first field problems may be limited in scope until pupils 
discover the challenge of these problems. Library research problems 
may be permissive in nature so as to appeal to pupils with adequate 
reading ability. As a teacher becomes better acquainted with his pupils 



334 


Plans and planning 


and knows their special interests and abilities, he may broaden the 
scope of these activities, sometimes requiring all pupils to engage in 
them, at other times making them permissive only. 

The insecure teacher may also find it wise to alternate with intcr\'als 
of tight control only such activities as are listed in the center column of 
table 11. The activities listed in the right hand column retjuire con* 
sidcrahle skill to handle properly. They also require pupils who arc 
accustomed to taking responsiliilities for their own actions. Both 
teachers and pupils need to work gradually towards full utilization of 
tliese valuable activities. 


Acficitics that hold 
pupils to the same 
task tcith little 
freedom 
Taking tests 
Filling in blanks on 
worksheets 
Reading in textbooks 
Writing up reports 
of demonstrations 
Making diagrams of 
apparatus 

Solving mathemalj. 

cnl exercises 
Looking up answers 
to sets of questions 
W.'itching films and 
slide? 


Ac/ifitics that hold 
pupils to the same 
task hut j}crmit 
some freedom 

Watching demon- 
strations 

Doing laborator)' ex* 
crciscs from di- 
rection sliccts 

Taking short field 
trips 

Conslnicllng models 
from kits. 

Examining speci- 
mens 

Studying prepared 
slides with a mi- 
croscope 

Ciiecking test papers 
and home work 


Activities that permit 
to work on 
different tasks with 
considerable freedom 
Preparing demonstra- 
tions *■ 

Preparing charts 
Constructing original 
models 

Doing library research 
Solving problems by ex- 
periment 

Doing field work ’ 
Preparing reports of in- 
dependent research 
Setting up exhibits 
Producing plays and as- 
sembly programs 


common science activities classified hu the amount 
of freedom they permit pupils. 


MAKING A LESSON PLAN 

important that daily lesson planning be reduced to the utmost 
simplicity. Science teachers arc busy people. They usually have full 
schedmes and additional responsibilities as well. They need all the 
time they can find for the preparation of materials, for working with 
especia y interested pupils, and for keeping abreast of new ideas in 
science eac ing. The time spent in actually writing plans should be 
kept as short as possible. ^ 
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the material covered is fresh in mind. The interests of the pupils have 
been revealed. Past mistakes are still vivid. 

Good lesson plans can rarely be made several days in advance. No 
one knows how far a class may go in a single lesson or in what di- 
rections their interests will lead the work. To try to hold a class to a 
precise amount of material each day stifles enthusiasm and initiative. 

For the same reason a teacher should not try to make a single plan 
serve for several different sections, except perhaps on the first day of 
work. The nature of each section is different, not only because there 
are different pupils but because the pupils have different effects upon 
each other. But even though different sections need different plans 
these plans are only adaptations of a basic plan and materials prepared 
for one class can be used sooner or later for other classes. 

The value of a schedule. The several activities used during the prog- 
ress of a science lesson interact with each other, one activity being 
affected by those that have gone before and in its turn affecting those 
that come afterwards. Thus the order in which activities are introduced 
becomes important and the time allotted to each needs serious con- 
sideration. 

A schedule for the activities enables the teacher to see at a glance 
how the final balance is working out. It shows whether one activity 
is being planned for too long a time to hold the attention of pupils. It 
shows whether there is adequate provision for the various talents and 
interests within a group. It shows whether the various types of ac- 
tivities are being alternated in the most advantageous fashion. 

A schedule once prepared need not be considered as inflexible. Com- 
monly an activity awakens more interest than was anticipated; the time 
allotted for it may well be axlended. Sometimes an activity has little 
appeal; it is usually better to pass to another activity than to hold 
the pupils to something for which they see no purpose. Sometimes 
pupils themselves propose an activity that promises to be more profit- 
able than those scheduled; plans may then be abandoned or modified 
as needed. 

A form for lesson plans. A good lesson plan form is a real time saver. 

It reduces the amount of xvriting needed. It establishes patterns for 
procedures. It is a reminder of items that might be forgotten otherwise. 
The lesson plan form shown on page 336 is adapted from a form used 
by Dr. Philip G. Johnson of Cornell University. It is remarkably 
simple and very easy to fill in. Yet it provides for all the major features 
essential in a good plan. 

The heading serves to identify the plan. It stipulates the topic to be 
dealt with and it provides for a listing of goals. Tire main body of the 
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DAILY LESSON PLAN 

Class Chemistry, Section 3 Date 11/6 

Unit Acids and Bases Topic Acids In Foods 

Specific Objectives to review tests for ocld s 

to test common foods for acidity 

to discover importance of acids in foods 


Time 

lOiOS-lOilO 

10 : 10 . 10:20 

10:20-10:40 

10:40-10:45 

10:45-10:55 


Activity 

Return quiz papers 

Review tests for acidity with demonstrations 
In teams of two, pupils test foods given them 
Summary of results 
Assignment— optional reports 
1) Production of vinegor 11) Noture of vitomln C 


2) Pickle making 

3) Vinegar and toste 

4) Kinds of vinegar 

5) Vinegor as a pre- 
servative 

6) Chemical reactions 
during moking of vin- 
egar 

7) Test for citric ocid 

8) The citrus fruits 

9) Uses of citrus fruits 

10) Vitamin C and citrus 

fruits 


Assignment 


Litmus paper 

Phenolphthalein 

Methyl orange 

Vinegar 

Orange 

Lemon 

Grapefruit 


Materials 
Tomato 
Sweet milk 
Sour milk 
Buttermilk 
Tea 
Coffee 
Cocoa 
Peas 


12) pH of various citrus 
fruits 

13) Voriation in pH of 
oranges 

14) Couse of sour milk 

15) pH of buttermilk 

16) Production of cheese 

17) Production of butter 

18) Sour cream cake 

19) Making cream of to- 
mato soup 

20) pH of tomatoes 

21) Making of sauerkraut 


Apple 

Pear 

Pineapple 

Grapes 

Cereal 

Cabbage 

Sauerkraut 
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plan is a schedule of the activities to be employed; both the order of 
the activities and the time considered appropriate for each are given. 
Space is left at the end of the schedule for the assignment. This does 
not imply that the assignment is to be given last. It is a device for 
directing attention to this important item. 

Two boxes at the bottom of the sheet complete the form. One box 
is provided for a list of references— books, films, pictures— called for by 
the plans. The other box is provided for a list of materials required by 
the demonstrations and experiments planned. These lists are highly 
useful when the teacher is assembling his teaching aids in advance of 
the lesson. 

This lesson plan form is duplicated on notebook paper punched to 
fit a standard looseleaf notebook. The reverse side of the sheets is 
large enough for the listing of questions that may be asked orally or 
written on the blackboard. 

Establishing objectives for a science lesson. Only specific subject 
matter goals need be listed in a lesson plan. Major subject matter goals 
are listed in the unit plan and influence both the composition of the 
lesson and the direction it takes. General education goals are kept in 
mind at all times. 

Subject matter goals suitable for a single lesson are necessarily 
limited, otberwse they cannot be attained within the allotted time. 
Providing major objectives are not forgotten, limited goals are de- 
sirable; they center attention upon a narrow area, make possible 
several different approaches, and encourage thorough treatment 

Subject matter goals for a lesson may be written as learnings. These 
are specific enough to be attainable within a period. Principles may be 
listed instead but these tend to be broad in scope and may lead to 
superficiality. 

Organizing o lesson. Each lesson is constructed to fit a particular 
situation; there is no pattern that should be followed. True, within a 
series of lessons there must be provision for the introduction of new 
material, for summaries, for the organization of learnings, and for any 
needed review and drill. But no single lesson need contain each of 
these teaching elements; in general it will contain only two or three of 
them. 

It is good practice to open many lessons with some activity that 
reviews work of preceding days. One may use for this purpose a short 
written test, a brief period of oral questioning, slides, or a film that fits 
the need. One may also repeat a demonstration or ask pupils to re- 
peat some presentation. A daily review is not necessary. Commonly 
project work provides its o\vn review. 
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Even the most experienced teacher cannot estimate accurately the 
length of time pupils will spend on an activity. They may want more 
than the estimated time, especially if the work is interesting. But if 
they have had identical work in previous grades, or if they are com- 
pletely uninterested in the topic, they cannot be held to an activity as 
long as was estimated. 

It is not uncommon to find that a lesson has moved more quickly 
than anticipated and that all the suggestions in the plan have been 
exhausted several minutes before the end of the period. There then 
comes an interval that is demoralizing to the pupils and discouraging 
to the teacher. 

Though it is possible for a teacher to extemporize in such a pre- 
dicament, it is far better to anticipate the possibility and ove r-pHn each 
lesson, adding to the original schedule one or t\vo additional activities 
The time spent in planning the activities and preparing any needed 
materials is not wasted because if unused one day they may be included 
in the following day’s plans. 


Importance of the transition Intervals. During a well-organized lesson 
the progression from one activity to the next is made so smoothly a 
casual observer may notice nothing remarkable. The pupils end one 
activity and begin a new one with little hesitation and confusion. 
However, such smooth transitions are the result of careful planning, 
they rarely happen by chance. 

The importance of transitions is more readily understood by an- 
alyzing difficulties that arise because this aspect of planning was 
neglected. 


Mr. Caywoad's plans called for the pupils to make “saxophones' from soda 
straws. The pupils entered the actioitij with enthusiasm and soon had a 
u>ide varietu of noise makers. , . » ^ t ..w. 

The plans then called for a discussion of the relation of pitch to le g 
of air column. But when Mr. Caywood tried to initiate the 
voice was drowned out by various squeakings and codings. J J 
shouting and by making a few threats did he obtain sufficient quiet for me 
discussion. 


The reaction of Mr. Caywood s pupils was perfectly norma y 
had made their saxophones and they wante to use em. 
little incentive to lay them aside in order to engage rn •> 

Mr. Cayrvood had given no consideration to the me.ans ) 
was to e'^d one activ^ity and begin the 
separate activities either of whrch sTOul P 
alone but which conflicted when placed 
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Had Mr. Caywood anticipated the problem he could have planned 
an adequate transition with little effort. He might have arranged to 
collect the straws before beginning the discussion. Or he might have 
used a more tightly controlled activity to follow the making of the 
saxophones. 

Beginning teachers must be especially concerned about transitions 
because they have few resources on which to draw when problems 
begin to arise. Experienced teachers have usually learned by trial and 
error the procedures that succeed and those that fail. But for all this, 
it is not uncommon to see an experienced teacher ungracefully shouting 
at his pupils when a little forethought would have kept things going 
smoothly. 


An unfortunate consequence of the failure to consider transitions is 
an increased dependence upon formal methods of teaching. A teacher 
may believe fully in the advantages of the free and informal classroom, 
and he may prepare plans and materials diligently. But when he finds 
himself with serious discipline problems, be mistakingly places the 
blame on the activities that give pupils freedom. He is apt to abandon 
all such activities and turn completely to formal teaching procedures. 

pupi s can be brought into the planning process the problems of 
transitions are reduced. Pupils know exactly what they will be doing 
teacher activity to the next with little direction from the 


litdp diffi ^ tightly controlled activity to a freer one causes 

Sw rt listen to directions 

controllpfi o process, changing from a free activity to a tightly 

different ta troublesome. The pupils are busy at their 

not called / T ended them and are busy with activities 

nSse Ivel '1 and there is a high 

above the hubbub!^°°"'’ ^ difficulty projecting his voice 

colmonlv techniques for making this kind of transition. One 

whT the second activity 
out a laborltn instance, pupils about to carry 

™ats arsoon?r'?" ^ return to their 

apparamsTe? diagrams of the 

itself. The another that introduces 

room lights Inn ^ ^ ® the blinking of the 

about to start. Simira^lv^^r indicates that a new activity is 

or worksheets, thus anno ^d up a sheaf of test papers 

receive the papers as something new to do, and the pupils 

ey come to their seats. A somewhat similar 
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technique calls for the teacher to write on the blackboard the directions 
for the new activity. Pupils who first notice the writing of the direc- 
tions begin the new activity and the others soon follow suit. 

An activity may be ended by sending pupils around the room to col- 
lect tools, materials, and waste. This signals the end of the activity 
and removes the causes for distraction. The technique is not always 
successful, because pupils sometimes argue about giving up the things 
they are working with. 

A difficult transitional period occurs at the end of long tests, long 
reading assignments, and long writing assignments. Some pupils are 
certain to complete their tasks ahead of others. By keeping such tasks 
short, the time spread is reduced. When a wide spread is anticipated, 
the pupils who finish first can be given interesting things to do. They 
usually like to put away materials, lake care of plants and animals, and 
arrange the bulletin board. Some prefer to work on their own special 
projects or read special books. 

A transition that causes annoyance for many teachers is the one at 
the beginning of the period. Pupils enter the room talking loudly 
about their own affairs, teasing each other and sometimes scuffling. 
They may not cease these activities the instant the bell rings. 

It is often well to begin classes with a tightly controlled activity such 
as a test, a worksheet to be filled out, or a sheet of printed directions. 
Discussions and directions given orally should rarely be used. Films, 
slides, and interesting demonstrations may serve to initiate a period 
when pupils are accustomed to settling down to work quickly. 

The ending of a period may be as difficult as the beginning but 
teachers are apt to ignore the problem. Nonetheless it is a sign of 
poor planning when pupils stack their books several minutes before the 
end of the period, sit watching the clock, and ;ump the instant the bell 
rings. Plans should provide sufficient interesting activities to keep 
pupils busy until there is a signal to prepare for dismissal. 

Planning assignments. The most valuable assignments are those in 
which boys and girls carry on at home science activities that seem im- 
portant to them and that contribute to their general growth. Obviously, 
this type of assignment varies from pupil to pupil. One individual may 
benefit most by reading a specialized science book. Another may bene- 
fit most by working with his father on a model of a derrick. A third may 
benefit most by studying an ant hill. 

Too frequently assignments require w’ork of a stereotyped and un- 
pleasant nature for which the pupils can see little pvirposc. Indeed, 
many assignments seem to be little more than “busy work selected 
without thought of possible value to the pupils. 
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Commonly the assignment is a hurried order given as the dismissal 
bell rings, Read pages 74 through 82 in your textbook.” The purpose 
of such an assignment is not obvious. Is it made to give the pupils 
practice in reading? Are they only to acquaint themselves with the 
contents of the pages? Are they expected to master all the information 
on the pages? 

Another common assignment of doubtful value is the order to write 
out the answers to the questions at the end of the chapter. Again the 
purpose of the assignment cannot be determined by either the pupils 
or an observer. Certainly boys and girls with high academic ability 
do not benefit from writing out the answers to such questions and it is 
an insult to ask them to do so. And pupils with very low academic 
ability cannot succeed at this type of work, so they do not benefit either. 

Assignments used by master teachers provide flexibility for pupils of 
different interests and talents. Often these assignments are voluntary 
in nature. One pupil may choose to report on the content of certain 
pages in a supplementary textbook. Another may wish to look in 
reference books for answers to questions raised by the class, A third 
may volunteer to ask a specialist for information. A fourth may wish to 
try an experiment at home. Commonly pupils work together on such 
assignments. ° 

A type of assignment that is little used but that lias much promise 
calls for a repetition of or a continuation of work done in class. 


* cig/jt/i grade science class was about to study photography. Uf- 
!■/>/ ■ p lofogmphi'c papers and the chemicals needed for de- 

telo/j n them. The pupils mixed the solutions, darkened the room, and 
established a routine for the operations. 

some object, such as a paper clip or a leaf or a cut-out 
iLhf fTr‘l photographic paper and exposed it to sun 

cues thej hadpradZeii 

mvJ'ZZil"'", ’’""f, ’Oherc the pttpih could hmj 
process at homZ''Tl'"' Improvise materials to repeat the 

ZZml haZZ T ‘’“‘J P"P‘''- alone or tcilh 

from photographiZZZMvcZ’“''°'""'’ 


rills crsilv oilier possible classroom activities that use mate- 

™arirj;u;:ns;™ti„" 

percent pirUpino*- home. Mr. Coles record of one liundred 

cent should be c^™ij V' “'Hotoed, twenty five per- 
ed high, but this is work done because the 
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pupils want to do it, work for which they have given up television and 
movies and other things. 

Whenever any assignment is made, whether it be required or volun- 
tary, the pupils should understand exactly what is expected of them. 
If information is wanted, pupils should know precisely what they are 
to discover and why the assignment is important. If models are to be 
made or if experiments are to be tried out, pupils should have in mind 
exactly what they are to attempt. The assignments need not have been 
dictated by the teacher; they may have originated through group plan- 
ning, but always they should be carefully defined. An assignment 
worth making is worth making painstakingly. 

Using a lesson plan. A lesson plan is a guide but never a mandate. 
Its purpose is to give direction to the work of the pupils and to give the 
teacher a sense of security. But it should be altered if unexpected con- 
ditions arise. 

Perhaps the pupils find one activity suggested by the plan so inter- 
esting that they wish to continue it. If the teacher feels that the addi- 
tional time would be well spent he may allow the activity to run 
over the scheduled time and even to the end of the period. The dis- 
placed activities may then be worked into the next day’s plans. 

The pupils may show an interest that makes an activity assigned to 
the end of the plan more suitable for earlier presentation. A teacher 
should feel free to make the change. Spontaneous interest makes any 
activity more meaningful. 

Sometimes pupils indicate an interest that suggests activities not 
written into the plan. Again the teacher should feel free to abandon 
his plan and utilize the new activities if this seems advantageous. 
Should the new avenue of work turn out to be less profitable than 
expected, he may return to his plan for the remainder of the period. 

ANALYSES OF SOME SAMPLE LESSON PLANS 

It may be helpful to examine a few lesson plans to see how the ac- 
tivities have been selected and organized. Some of these plans are for 
rather formal situations, some are for very free situations, and some 
are for situations in which there is a transition from formal to 
moderately free conditions. 

A lesson plan for an earth science class is shown on page 345. Tlie 
period opens with a report from Uw pupils who have kept a record of 
cloud formations since the last class period. This is followed by an 
interval during whicli the pupils, working alone, bring their individual 
weather records up to date. The teaclier does not supervise the pupils 
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during this activity; they are free to consult the weather instruments 
and each other’s records. The two pupils who will later put on a 
demonstration use this time to make final preparations. 

The principal topic of the lesson is now introduced, previous work 
having been part of routine procedures. Two boys demonstrate the 
tormation of fog, this activity bringing the class back together again as 
a single group. ® ° 

Next comes a brief summary of pupil experiences with fogs, this dis- 
cussion being led by the teacher. After a few contributions by the 
pupils the teacher makes a pertinent assignment-to read about the 
nous ypes o ogs. It is assumed that he makes the assignment 
speci£c, perhaps in terms of the fogs described by the pupils. He also 
fonr hn **>6 cloud observers for the next twenty- 

° volunteers to prepare another demonstration, 

with f working in pairs to familiarize themselves 

in their read'” concepts thus developed being helpful 

po nt 1 P"P“^ ™k with the Lw 

strencthen t*h(^^ return to their seats and begin calculations that 

nate th'e * 70^11 teacher has planned to domi- 

period At all nib dnd for the short discussion 

nW givtae in^ '1'^ “ “i"’" “f »>= ” n'dving 

from the rofm for seXal mta’"'!'' “'“"''“S'™®"'' He could even step 
There is in this 1 »n«les without changing the program, 

and the tries va v “" “"f ““W' in the types of activities, 

activities. No single" TclMt S™"?’ ^"’all group, and individual 

period is no. “ '“"S 

period are closely rekited. activities in the last part of the 

-leading horaTheTndivM™l™°i°^’ '"‘Shl give difficulty 

the group work with d _'vork on weather charts and leading from 
care for the first the nlin''' point apparatus-have been anticipated. To 
by fellow pupils curiosity in a demonstration presented 

work that is tobVdon ^y the individualized 

Tl.e lesson Is ratherrie- r"^ 8'““? 

pupils to exercise initiative /o" opportunities for the 

almost any silualinn in i - u .i_ lesson that is effective in 

pupils. It is suiiahle for ^ teacher has reasonable control of the 
become well acquaintf.rl the year before a teacher has 

sent the ideal lesson i *®,Sroup. It does not, however, repre* 

On page 336 is a Icsson'nTan for “''l “ '>0 working. 

n plan for a chemistry class studying acids. At 
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DAILY LESSON PLAN 

Class Earth science. Section I Date 10/3 

Unit Precipitation Topic Formation of fog 

Specific Ob|ectives to show relation of temperature an d dew point 

to show causes of fog 

to become acquainted with vorious types of fog 


Time 

Activity 

9:15-9:20 

Cloud observers report on clouds of last 24 hours 

9:20-9:25 

Bring Individual weather charts up-to-date 

9:25-9:35 

Demonstration (Jack and Don) of fog formation 

9:35-9:40 

Summary of experiences with fogs 

Assignment 

9:40-9:55 

Become familiar with dew-point apparatus in pairs 

Use textbook 

9:55-10:05 

Practice determining relative humidity from dew point 
data 

Additional 

Begin assignment 


Read about types of fog 

Assignment Volunteers prepare demonstration on condensation nuclei 
New cloud observers oppointed 


Materials 

References 

12 dew point apparatus 

12 thermometers 

6 bottles of ether 

Pictures of fog for bulletin board 
Mimeograph sheets of dew point 
tables 
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the beginning of the period, probably as the pupils are settling down, a 
set of quiz papers is given back. Presumably there is some discussion 
0 answers but the time allotted is short. Perhaps the answers were 
discussed immediately after the test was taken. 

T^e principal work of the period begins with a review of tests for 
acids, with pupils demonstrating the techniques as they recall them. 
The information so reviewed is then applied immediately to tests of 
common foods by the pupils working in pairs. Upon completion of the 
tests the pupils summarize their findings in their notebooks. 

The period ends with an assignment of project work. A number of 
topics are listed and probably some pupils will suggest others. Some 
o t e topics call for book research, some for experimental research, 
some for models or charts. Pupils may work alone or in pairs on the 
project of their choice. 

Excepting the return of the quiz papers, activities change from large 
^up o sma group to individual, and back to large group again, 
pie transition from small group work is taken care of by directing the 

rZni ® results in their notebooks as soon as they 

complete testing the foods. 

the lesson is the assignment. If the pupils do 
ment nr el/ ‘Anticipated there will be no time for the assign- 

nunilc wiin ^ ^^5*p^enl will be made hurriedly. Also, because the 
will be diffiei?!M «ting work on their notebooks at various times it 
be better tn a ° b them all together for the assignment. It might 
dehv the asX^^^* ^ pnpils continue testing foods at home and 

inili.itivc and'independen“"orlh‘’\™‘' Tu’' P"P“ 

leads to lessnns M II ^ thinking. The assignment, however, 
choosi ° “ r P"pn^ 'o 'vorfc on material of their own 

The biolopv In ‘^"siderable latitude in their procedures. 

n,me: eSaLTdtr„"s S 

period. After tlio niade near the close of the previous 

approach to certain ‘^nimittees meet again to plan their 

and chairmen ask foT^ vor*^^* Recorders list the materials needed 
materials. volunteers to work after school assembling 

discussion. After ^ introduced without previous 

spouses pictured in the various types of plant re- 

preparation of a summinr ."k . remains the pupils begin the 

notebooks. The assienti!^ learnings in their individual 

the end of the discussion'^peri^*'^*'***''*'’ acquired, and made at 

hes in tins lesson from large group work, to small 
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DAILY LESSON PLAN 

Class Biology, Section 2 Date 5/2 

Unit Behavior Topic Responses of plants 

Speciflc Objectives to begin group experiments on plant behavior 

to become ocquointed with some generol re- 
sponses of plants 


Time 

Activities 

1:50-1:55 

Group chairmen report on experiments each group has 
chosen 

1:55-2:05 

Planning sessions to determine materials needed by 
each group 

Recorders compile lists 

Request for volunteers to stoy offer school to collect 
materials 

2:05-2:25 

View film "Germination of Seeds" 

2:25-2:35 

Summarize plant responses, shown in film 

Discuss time-lapse photography if needed 

Additional 

Prepare summary sheet of plant responses for notebooks 

Assignment 

Volunteers stay to ossemble materials for experiment 
(optional) Begin experiment or field observations of plant 
responses 


Materials 

References 

1 

Film— "Germination of Seeds" 
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poup work and to individual work, to large group work, and it there 
is time, to individual work again. The teacher dominates the room 
for a few minutes during the discussion. The only difficult transition, 
at the end of the committee work, is provided for by beginning the film 
wit out discussion. A certain amount of pupil initiative is encouraged 
by the committees and the voluntary assignments. The film, however, 
greatly shortens the time when the pupils must be responsible for their 
own behavior. 

The lesson plan for a physics class, page 349, illustrates the use of the 
problem approach during most of a period but with sufficient variation 
pupils busy. The teacher presents the problem. 
Will any kind of ight make the radiometer turn?” The pupils are then 
o suggest different light sources that may be tested. In his plan 
several possibilities to help in assembling suffi- 
cient materials for the experiments. 

orTwrr?”'f® '■irecled to divide themselves in groups of two 
be testert depending upon the number of suggestions to 

one a ii«emble Ind put in 

dffierint livht sources. They then test the effect of the 

wtf light sources on the radiometers. 

their dhcoverief' completed the pupils reconvene to summarize 
be discussed If the”'^^ questions may arise from the experiments and 
of some of the livht ’*'®.l“oher will demonstrate the effects 

The nunlls are n ^ j sunlight to show that different rays exist. 

shenX te c^Xt Con" f 
plore further the nature of Lrred"”'®""’™*' 

large'gXXvsSfaX S'™P “ 

porlio® c fte pS “ Permitted in the midSe and major 

the two d“cussfan O. f a " dominates as a moderator during 
activity. He mipbt ^ ^ demonstrator during the last 

laries to keep rerards onTeXckbo “h” 

with the demonstrations. okboard and by using pupils as helpers 
as certain poups Srihead 

turn for the use of the ratiinTT,o»» « * groups wait their 

are usually interested p u However, pupils in physics classes 

The opL„araX„r„"t:^rCC™* ^ ■’•'’“Xups. 

dents. Several pupils miphf voi * appeals to physics stu- 

would be aided by refer^ present demonstrations. They 

such activities. books which contain suggestions for 
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DAILY LESSON PLAN 


Class Physics 

Unit Rodiant energy 


Topic 


Date 3/T6 
I n f rared ra d lotion 


Specific Objectives to discover radiation beyond the red end of 
spectrum 

to discover some of the properties of infrored rays 


Time 

10;30<10:40 


10:4001 

11 : 0001 ; 

11 : 1001 ; 


Additional 


Activities 

Demonstration of rodiometer in sunlight 
Speculate on types of light that operate radiometer 
Plan experiments to test kinds of light 
Possible suggestions: 

Fluorescent lamp Incondescent lamp 

Gas burner Neon lamp 

Flash tight Argon lamp 

Arc lamp Gas mantle lamp 

Burning wood Electric hot plate 

Groups of two or three test possibilities 
Summary of results and discuss 

Teacher demonstration of effects of various filters on 
behavior of radiometer. Introduce "infrared." As- 
signment 

Groups begin planning experiments using filters 


Read about the nature of infrared 
Assignment (optional) Plan demonstrations of effects of infrared 
radiation 


Materials 

References 

Radiometers 

Argon lamp 


Lamp cords 

Gas burner 


Fluorescent 

Gas mantle 


lamp 

burner 


Incandescent 

Electric hot 


bulb 

plate 


Flashlight 

Neon lamp bulb 

Set of filters 
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Suggested activities 

1. Obseive a science lesson. Spot check the attention of the pupils 
at regular intervals. (This is best accomplished by several observers, 
each of whom studies a section of the class.) Plot the results as shown 
in figuio 1 2 Analyze the lesson to determine which situations produce 
a high peicentage of attention and which situations permit attention 
to lapse 

2 Olisc \ \ c a science lesson by an experienced teacher and note how 
he makes a tiansition from one activity to the next. Note also how he 
opens ind closes his lesson. Which techniques are effective in terms of 
cl rsrxiom control, and which could be improved? 

3. Make a lesson plan that calls for three or more activities. Provide 
proper transition from one activity to the next so that classroom control 
IS maintained. 

4. Plan a lesson that is based on a full-period field trip. Give proper 
attention to such factors as attention, assignments, and the like. If 
necessary, reread pertinent sections of the chapter on field experiences. 


Suggested readings 

Brandvvem, Paul F,, Watson, F. G., and BlacKvood, Paul E., Teaching 
flig/t School Science, A Book of Methods, Harcourt, Brace, New 
York, 1958, pages 126.145. 

Heiss, E. D. Obourn, E. S., and Hoffman, C. W„ Modern Science 
leaching, Macmillan, New York, 1950, pages 140-141. 

Hunter George W., Science Teaching at Junior and Senior High School 
Levels, American Book Company, New York, 1934. 

Richardson, John S., Science Teaching in Secondary Schools, Prentice- 
Hall, Englesvood Cliffs. N. J., 1957. Chapter eight. 
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chapter 14 I Unit organization became an 
important factor in educational practice early in this century. Previ- 
ously, the educational scene was dominated by tlie “recitation method" 
with its claily-ground-to-be-covcrcd procedures. Unit organization 
seemed a possible antidote for the abuses of the daily recitation. It 
was designed to make more use of positive motivation and to give 
greater attention to individual differences. 

Superficially, units in the science program have always appeared to 
be little more than blocks of subject matter. In consequence many 
tcacliers bavc ibc wrong impression of what a teaching unit is like, and 
they fail to take full advantage of its cliaracteristics. A true teaching 
unit is as concerned with the means of presentation as with the subject 
matter involved. In other words, a teaching unit is composed of both 
method and content. 

Unit organization m.akes two types of conlrihutinns to the c<hi- 
calional process. First, it breaks up the year's work into sections small 
enough so that pupils can grasp the scope of any one of them during a 
I)rief overs’iew. Most pupils work better on a series of short tasks ih.in 
on a few large ones. They can grasp iK'lter the ptirposc of what they 
arc doing. 'Thev can concentrate more intently for short p<Tio<l< and 
arc spurred on by prospects of early completion of eaeli t.isk. TIh’v 
arc stimulated by their more frw|uent successes. 

The second t\pc of contribution of unit organi/uitinn stems from 
proct'dures use<l in developing a unit. There is an intrrKlucton- ph.ue 
during wlhch pupils are shown the pitr|K)se of uli.it th«w "ill 1'** ‘1'** 
351 
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ing and during which they are made ready for their tasks. This is fol- 
lowed by the presentation of new material. Finally, there is a con- 
cluding phase during which the material presented is made meaningful 
to the pupils. 

Unit organization has had strong influence on modern teaching 
practice At one time the use of teaching units was even called the 
“unit metl'iod,” to distinguish it from the "recitation method,” the 
“pr-'iert method, ” and the “laboratory method.” Today the distinction 
ro U,nger exists and such techniques as recitation, project work and 
laboratory work may be called for in a unit plan. But the basic struc- 
ture of the unit still remains a prominent feature in the educational 
scene. 


THE STRUCTURE OF A TEACHING UNIT 

Teaching units are organized on the premise that in order to learn 
pupils need more than mere exposure to subject matter. Accordingly, 
in a teaching unit there are introductory phases that prepare the pupils 
for the experiences that lie ahead of them, there is a main presentation 
unng which the pupils have opportunities for meaningful experiences, 
and there are concluding phases during which the pupils organize and 
review the learnings they have acquired. 

Thus a teaching unit has a structure of its own. It is neither a block 
0 subject matter nor a series of independent lessons. Each lesson 
plays a role in the development of the unit. Under some circumstances 
a lesson may be part of the introductory phase or it may be devoted to 
the presentation of new experiences. Usually, however, a single lesson 
has more than one function, perhaps getting the pupils ready for a 
new experience, then presenHng the experience, and finally helping 
the pupils assimilate the learnings. There is no stereotyped pattern for 

e eve opment of a teaching unit; everything depends upon the 
nature of the subject matter, the background of the pupils, and the 
conditions under which the unit is taught. 

*®o'hing unit. The teaching unit as developed early 
m this century has the following elements: 

1. Motivation 

2. Overview 

3. Inventory of background 

4. Presentation of new experiences 

5. Organization of learnings 

It is important to realize that these elements of a teaching unit need 
not be used in the above order. Review and drill may be used through- 


6. Summarization 

7. Drill 

8. Review 

9. Evaluation 
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out a unit, not just near the end. Sometimes an inventory of pupil 
backgrounds serves little purpose. Motivation may need attention 
several times. 

The motivational phase. Pupils need a purpose for what they do— not 
a purpose dictated by the teacher, but a purpose they themselves rec- 
ognize. The motivational phase is designed to help pupils establish 
their o^vn purposes for >vhat they rvill be doing as the unit progresses. 

The motivational aspect of planning is often misunderstood, as is 
described in chapter three. Too often teachers act on the assumption 
that motivation can be applied from without. They set up their own 
purposes for the unit, usually without reference to the needs of pupils, 
and try either to force these purposes upon the pupils or to “sell” them 
to pupils with a variety of clever tricks and devices. A later section of 
this chapter will describe some specific techniques for handling the 
motivation period. 

The overviev/. An overview of a unit helps pupils see the scope of the 
material with which they will be dealing. They then can look ahead 
and plan their procedures accordingly. Obviously, the overview is of 
great importance in teacher-pupil planned units. The overview must 
be complete before plans can be made. However, the overview need 
not be made by the teacher; the pupils themselves can define the scope 
of their work and prepare the overview, not necessarily in the formal 
sense but perhaps as they are defining the problems they intend to 
solve. 

In teacher-dominated units the complete overview need not be 
given at the beginning. It is often wise to break the presentations into 
segments and precede each with a correspondingly limited overview. 

The iaventary cf experience backgrounds. “Start with pupils where 
they are” is a precept of modern education. It is of special importance 
in science teaching because so many science understandings depend 
upon the experience backgrounds of the pupils. 

An inventory of such experiences as are pertinent to a unit is useful 
in pointing out things that need not be repeated and that can be de- 
pended upon during discussions. It also shows lacks on the part of 
one or more pupils who will then need special attention. 

The presentation of new experiences. Everything in a teacliing unit 
is centered about the presentation of new c.vperiences. All else is either 
a preparation or a follow-up for this phase of the unit. 

Experiences presented may be either direct or vicarious. In general, 
firsthand experiences are more profitable because they are so well 
remembered, because all pupils can benefit from them, and liccausc 
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the resulting learnings tend to be more accurate than those derived 
through some medium of communication. However, books, films, and 
other sources of vicarious experiences are valuable when pupils have 
backgrounds adequate for interpreting them. 

In most units, a judicious balance between direct and vicarious ex- 
periences IS to be desired. Direct experiences introduced early in a 
unit provide a background helpful in interpretation of vicarious ex- 
periences introduced later. Direct experiences also encourage all 
pupils to take an active part in the work of the unit and thus benefit 
b)’ the early introduction of such experiences. 

There is no fixed rule for the presentation of new experiences. 
Usually it is wise to present a few in each lesson rather than to concen- 
trate a large number in a few lessons. There should always remain, of 
course, a few lessons devoted to rev^e^v or organization or some other 
type of activity. 



- 
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r" * The chart th 

hlaad. Later the chart w,U help other popiu reciew the urork of the .m 


The organizahonal phase. Good leaching practice specifies that there 
should he opportunities for pupils to bring their learnings together in 
some form that shows relationships. Teachers commonly decide upon 
the pattern lor such org.anization and they make sure that pupils 
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recognize the pattern by providing study guides. Some teachers de- 
pend upon the organization given in the textbook. 

However, in the teaching unit there should be provision for pupils 
to develop their own pattern of organization occasionally. This gives 
them a more active role in the process and is more effective in produc- 
ing understandings. The pattern that results may not be conventional 
but it will be meaningful to the pupils. 

Organizational activities are commonly verbal. Most written reports 
are summaries. Oral summaries are frequently used, often to help in 
the preparation of written reports. However, organizational activities 
need not be verbal. Many projects are in effect non-verbal reports. 
Their preparation involves careful organization. 

Summarization. Summarization is an integral part of the learning 
process and is given an important place in the teaching unit. However, 
summarization is too often provided by the text and the teacher. 
Pupils should be given opportunities to carry out this activity for 
themselves. 

Summarization is needed near the close of a unit to bring together 
all the learnings. Summarization is also desirable at intervals during 
the progress of a unit. Some teachers plan to end each day’s lesson 
with some type of summarization activity. 

Organization and summary commonly go hand in hand. As soon 
as a pattern of organization has been developed, learnings may be 
summarized according to this pattern. Sometimes from the summary 
a pattern of organization becomes evident. 

Review and drill. If there is learning, there is certain to be forgetting. 
As soon as pupils cease to use the facts or skills they have learned 
they begin to forget them. A review is in effect a reteaching; drill is 
intensive and prolonged review. Whenever learnings are considered 
important enough for pupils to remember, review and sometimes drill 
must be provided. 

Reviews are commonly verbal but need not be so. Tliere are more 
effective ways to recall learnings. A learning e.xperience repeated, in 
shortened form or with sufficient variation to hold interest, makes one 
of the best forms of review. Exhibits of collections, posters, and the 
like are commonly effective reviews. 

Evaluation. Evaluation in the teaching sense is scif-evaliialion, pro- 
vided to help pupils disco\'er what they have achieved and w’hat they 
have failed to grasp. This tj-pe of evaluation should come well before 
the end of a xinit so that pupils can remedy their deficiencies. 

i^umcroiis short tests given throughout a unit help with sclf-cvalua- 
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tion. They also serve as review and drill when constructed with these 
functions in mind. It is usually good practice to give two or three 
short written tests a week. 

Because verbal tests measure only limited outcomes, other forms 
of self-evaluation should also be provided. Whenever possible, per- 
formance tests should be used. Individual interviews, during which 
pupils demonstrate and explain, are especially effective. 

Self-checking devices are helpful. Electric question boards make 
self-evaluation seem like a game. Science crossword puzzles are often 
used for vocabulary testing. Picture quizzes and the like are effective. 

The final test of a unit serves only to provide a grade and to help a 
teacher evaluate his own teaching effectiveness. It should be con- 
structed with these purposes in mind. 


SELECTING THE CONTENT FOR A UNIT 

The success or failure of a unit is determined in large part by the 
n ure o i s content. Some material lends itself to good teaching prac- 
tices; some does not. Criteria for a good unit are listed below; 

vid^nirJpfl possible to base each unit upon many direct, indi- 
vidualized experience activities. ^ 

3 ’ chiefiy with work that has not been done before. 

■ airpupUs 

beyS iFmit * uggeslel™”' 

Sesrf “PP'fcations to the immediate 

?: of popilt. 

to year.i P r o a sequence that permits growth from year 

lined in a course dictated in part by the program out- 
can be modified to programs 

mandatory, the pattern fof ^ f^ualions; even when the content is 

canthere7orebeXe "dtt3 

P t upon a number of important factors. 

The need for limitation of canto » ah 

units entitled “Electricitv” nnrt “n j commonly teachers plan 
too broad to be given a/enn-^f^ These topics are far 

to use them encourages sunerfic-^rr"^? ^ 

incorrect concepts bemuse n? and may produce 

‘ o^w-smpMcation. Many pupils become 

* From Science 7-8-9 New v v tr 

York, 1956. Education Department, Albany, New 
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confused and discouraged by the many subdivisions and the possible 
ramifications. 

More suitable units can be built around such limited topics as 
Electricity in the home” and “Starting plants without seeds.” Pupils 
are able to grasp the scope of these units in one brief overview. They 
can keep the major problems and methods of attack in mind through- 
out the unit. They have opportunities to discover the details upon 
which the more limited generalizations are based. 

Following are some titles of successful units. The scope is self-evi- 
dent from the titles. 

1. How our homes are healed 

2 . Hard and soft water 

3. Instruments of the school orchestra 

4. How our bodies are controlled 

5. Plainville’s water supply 

6. Developing new breeds of animals 

7. Vacuum tubes and their uses 

8. Plants in autumn 

9. Weather instruments at the airport 

10. Geology of Danby Stale Park 

The importance of familiar moterials. Units based on familiar mate- 
rials are generally more successful than units based on remote and 
strange materials. Pupils have an experience background on which 
new understandings can be built. They recognize the significance of 
the problems that are raised. They appreciate better the references 
that are made during the progress of the unit and they understand 
better the applications that are made. 

Whenever possible, a unit should be built around local features. A 
unit on the local water supply is generally better than a unit on water 
supplies in general. A unit on glaciers can have real significance in 
Tacoma, Washington, where the glaciers on Mt. Rainier can be seen 
each clear day, but a unit on limestone formation would be of more 
significance in Miami, Florida. 

A unit based on local and familiar materials need not be confined to 
these narrow limits. As individual pupils demonstrate interest and ade- 
quate background for more extended coverage they may be given 
special assignments. 

The need for suitable experiences. Learning is not a “pouring in 
process, but a gradual process that comes about as a result of ex- 
periences. Unit planning, therefore, is largely a matter of deciding 
upon suitable experiences that may be provided for pupils. The con- 
tent of the unit should be determined in large part by the availability 
of suitable activities for providing the experiences needed. 
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The best topics for units permit a variety of field trips, experiments, 
emonstrations and projects. All these experiences can then be ampli- 
hed by available books, films, and slides. Topics that must depend 
upon lectures and textbook readings for basic understanding s are not 
well suited for young people with limited experience backgrounds. 


Consideration for general education objectives. The general educa- 
tion objectives of the science program, as distinct from subject matter 
objechves, are those that bring about desirable changes in the ways cf 
thinking and actions of boys and girls. General objectives demand 
situations in which pupils have opportunities to grow. Lectures, text- 
book recitations, and dictated notebook exercises do little to improve 
le persona ities o young people. Teacher-pupil planning, small and 
large group problem-solving situations, pupil presentations of subject 
kinds are essential in working towards gen- 

TctSs 


WRITING UNIT PLANS 

objectives content and the writing of appropriate 

The teacher who has f ’earning activities, 

turn to it for heip^'i “ etifi^hS plTn' 

in any IJpToTrfaie ^ prepared form is an important time saver 
only tw^are illustrated 'h2e TIiTr 

ning teachers to understand and prepar “ ^"7' 

vamag. of Rexihility that n.ake^tTgrI't^:rX^‘;“n^ 

ili^lTtheTr «pKte™ou7om" P^^cs 360-361. The activ- 

In this form the activiHp« i- arranged in parallel columns, 
outcomes in the rieht- a column and the 

The activities are listed i th” reverses the two columns, 

sented but minor ''' are to be pre- 

This type of form n,akes7™* ““t 

teaching unit A teacher must’’krrr 7^7 ph ases of the 

organizational activiUpst mind as he plans his needs for 

Certain cautions mShror ** 

lei arrangement encouratrps when using this form. The paral- 

lowed by a major outcome T? ^ activity fol- 

warranted generalizatinr. ** encourages superficiality and itn- 

The expected outcomes should be limited 
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in scope and each should be attended by a sufficient number of learn- 
ing experiences to insure understanding. Commonly, these activities 
should represent different approaches to the same point 

The major disadvantage of this form is its relative inflexibility. The 
schedule is determined in advance and the teacher is more or less com- 
mitted to follow it. Any major alterations necessitate rewriting the 
entire plan. In consequence unexpected events and new directions of 
interest cannot be utilized conveniently. 

An entirely different form, shown on pages 362-363, is a plan for 
what is known as a resource unit. The plan does not specify what is to 
be done nor the order in which presentations are to be made. Instead it 
lists in rich variety activities that may be used as conditions dictate. 
It is not a teaching plan but a true resource to which teachers may refer 
during daily lesson planning. 

The major advantage of the resource unit is its flexibility. The first 
lesson of a unit may reveal unexpected conditions. Pupils may have 
stronger or ^veaker backgrounds than anticipated. They may display 
unusual interests. They may have negative attitudes towards the sub- 
ject chosen or the presentations used. 

The resource unit does not commit a teacher to a predetermined 
organization. When planning the second lesson of a unit he may turn 
to the resource unit for suggestions that enable him to lit this plan to 
the interests and abilities displayed during the first lesson. The third 
lesson can be built in accordance with conditions discovered during the 
teaching of the second lesson. At any lime the unit may be directed 
into a new channel if this seems advisable. 

A minor advantage of the resource unit, but one not to be ignored, 
is its long useful life. Any plan that specifies procedures and schedules 
should be rewritten before each reuse to fit it to changed conditions. 
But revision of the resource unit is no more than the addition of new 
suggestions as these are encountered and the crossing out of sugges- 
tions found impractical. Rewriting is needed only when the plan be- 
comes cluttered to the point of confusion. 

For many beginning teachers the resource unit may be considered 
as too flexible. The daily plans can deviate too widely. The class 
may ramble. The unit may go on indefinitely. To use a resource unit 
wisely a teacher must have in mind at all times the general scope of 
his unit so that deviations do not go loo far astray, so that important 
phases are not ignored, and so that the unit is brought to a dose in a 
reasonable time. 

The two forms shown on pages 360-363 may be duplicated on 
standard notebook paper and punched to fit two-ring or three-ring 
notebook covers. It is helpful to punch the sheets so that the pairs face 
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TWO PAGES OF A UNIT PLAN IN GENERAL BIOLOGY * 

6 How our bodies ore controlled 
Date February 6 Approximate Time Three weeks 

Principles towards which the unit is leading: 

_Man y of our activities are controlled by our nervous systems 
_We can consciously control some acts; others we cannot control 
_Jome of oor oelions ore eonlrolled in whole or in port hy in.ernnl 
secretions 


Activity 

1. Demonstration: Difficulty of 
catching dollar bill dropped 
between fingers 

2. Class experiment: Pupils 
working In pairs repeat above 
with strips of paper 

3. Trace path of nervous Im- 
pulse on chart of nervous 
system 

Pupils make similar chart for 
notebooks 

5. Demonstration: doss In clr- 
cle, each pupil touches pupil 
ahead as soon as he feels 
touch. Time elapsed divided 
by number of pupils gives 
reaction time 

DiicuHion: Rnnciion i„ 

sports and in driving autos 
and planes 

7. Special project: Moke a re- 
oclion timer and test others 
project; Work out 
l™= and distance needed to 
cars at different speeds 
“^'’"'"ntion: Electric Mim- 

I I" (rashly dis- 
sected frog leg ' 

10. bperiment: P„pi|, 

react, on. to ,lec.Ho ,.im„|„. 


Expected outcome 
Awaken interest in mechanics of 
body 


Understanding of paths of 
pulses 


Understanding of reaction time 
and Its importance 


Pocognifion of similarity between 
nervous impulse ond electric cur* 
rent 
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Activity 

1 1 . Special project: Read in phys- 
iology book about nature of 
nervous impulse 

12. Special project: Test earth- 
worms for reaction to elec- 
tricity 

13. Class experiment with knee- 
jerk reflex, eyelid reflex. Iris 
reflex, balancing reflex 

14. Assigned reading: Pages 102- 

113 in textbooks I 

15. Home problems: Test dogs for 
vibrassa-eyelid reflex and for 
scratching reflex. Test baby 
for grasping reflex 

16. Film: "The Nervous System" 
(EBF) 


Expected outcome 


Uf^derstandlng of pofhs Involved 
m certain special cases 


Summarize and orgonize under- 
standings and lead into study of 
nerve centers 

location of importont centers 


17. Chart of brain location of importont centers 

18. Assigned reading: Pages 113- 
131 of textbook 

19. Special projects: Moke chart 
of human brain and of other 
animals for comparison. Dis- 
sect out brain of cat or rob- 
bit. Compere brain capacity 
of different animals using 
sand In school collection of 
skulls. Read obout experi- 
ments on the brain. Read 
about brain surgery 

20. Class experiment: Pupils proc- Understand how motor skills ore 

tiee with mirror writing leorned 

21. Home project; Continue proc- 
tice with mirror writing, keep- 
ing records of lime and re- 
sults 

22. Discussion: Development of 
motor skills such os piano 
playing, auto driving, and 


• pog*t »( tti* pta" !'»• o<*W»**» oi»d paatIbU TV« 

pag* oIm iftcludat t*ft 
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RESOURCE UNIT PLAN 

Static electricity Time allotted 2 weeks 

Bodies may be given electrical charges 

There ore two types of chorges 
Charging bodies gives them energy 
Bodies ottroct or repel each other depending 
on chorge s 

A spark is caused when charges jump thru' 
the oir 


Sparks caused by scuffing feet on q rug 
Sporks when combing hoir or petting cots 

jhock when leoving oetomobile 

Static on rodio 
Lightning 


Firsthand 

experiences 

Experiments 



and neon l nmp~r~b^ 
charges ’ 


Former expe- 
riences com- 
mon to all — 
pupils — 


Principles to- 
ward which 
the unit is 
leading 
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Demonstrotions Gold Jeof electroscope 

Static electricity machine 
Leyden jor 

Field trips To tronsformer stotion to see lightning arrestors 


Home problems Test various plastics for charg es 

Brush hoir or pet cots in dork 
Produce sporks near A.M., F .M. radios ond tele- 
vision 


- - I 

Reference Text; poges 136 to 182 

Morgan; Things o boy con do wUh ehdrlcHy I 
Zim; lightning and thunder 

Films, slides Thunder ond lightning 

pictures Folder of clippings of pictures of lightning j 

Moke charts shovring distribution of chorges on | 
materials used in experiments j 


Summarization Mo ke chart showing how lightning Is produced 

activities Moke o model showing how lightning rods 

operote 

Moke model or chort showing safety in thunder- 
storm 


each other and are both visible when the notef)ool: is open. TI;e re- 
verse side of each sheet may be iisetl for test qtiestiorK. 

Planning the motivational phase. Tlie le^son pl.tn sli«)wn on p-ig<* 
uses a simple trick to pn?yJe pnpib, first as a d«*jm)t>’itr.ition to c.jptnre 
attention and tJjen as a gener.i1 actlsity tr> m.ikc* sure r.u-h pupil 
recognizes Ins o\\i» strange limit.ition. awl is puz/hsl hy it. llu* ««>' 
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"Oh! This is going to be funr ^ 

■T’m sure it will be, Janet. Let's start right awaij by loohing at these lenses. ’ 

Should pupils have an insufficient background, a complete overvierw 
at the beginning of a unit might be meaningless. It may be better in 
svich a case to begin work on a minor problem out of which pupils de- 
velop experiences suitable for appreciating an overviesv of the major 
body of the unit. 

Mr. Tettingill opened a unit on stream erosion with a field trip to a nearby 
stream to study the way running water erodes stream hanks at a curve. The 
pupils made sketches of their observations. 

Back in the classroom the pupils speculated about the differences be- 
tween the inside and outside banks. Mr. Pcttingill directed the pupils fo 
their textbooks for authoritatwe answers to their questions. 

The following day pupils came to class with additional questions about 
other aspects of stream erosion they had discovered in their textbooks. Mr. 
Petfingiil helped them itemize and organize these questions on the black- 
board. The resulting list served as an overview for the material that would 
be studied in the unit. 

Whenever pupils help outline the scope of a unit in the above fashion 
the function of the overview is successful. 

Preparing to Inventory the experience bockgrounds of pupils. 

"Hoiv many of you have seen kittens being born? Calves? Puppies? How 
many of you have seen chickens hatching? How many have watched frog 
eggs dcvelopF’ 

These were the questions Mr. Brown asked of his biology doss at the 
beginning of a unit on reproduction. From the answers he knew fairly well 
tvhat the background of his pupils might be and where he would need to 
start in developing his unit. 

Commonly all that a teacher need to find out from his pupils are the 
answers to a few questions. Sometimes a brief discussion of an intro- 
ductory demonstration or topic of immediate interest reveals the extent 
of the knoivledge of pupils. A teacher mv«t be cautious in drawing 
conclusions, however, because a few vociferous youngsters often give 
the erroneous impression that an entire group has certain experiences 
or understandings. 

Written preview tests may be used occasionally, providing these are 
interesting. Long, detailed preview tests may discourage pupils who 
do not feel secure in the science program. 

Many experiences can be taken for granted. By the time boys and 
girls enter the secondary school they have shared such common experi- 
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ences as lighting matches, operating electric switches, and boiling 
water. In a rural community all pupils will have seen seeds being 
planted and fertilizer spread on fields. In a coastal community they 
will have noticed the changes in tides and the appearance of a ship 
as it approaches over the horizon. 

In addition to out-of-school experiences pupils will have shared a 
number of classroom experiences, especially in systems that use a uni- 
form science program. In some schools a seventh grade teacher can 
be certain that all of his pupils will have at some time connected elec- 
tric lamps and dry cells during their years in the elementary school. 
Sometimes a chemistry teacher may be certain that his pupils watched 
a demonstration of electroplating in the ninth grade. 

The preparation of an inventory can be of much help during plan- 
ning in eliminating needless repetition of e.vperiences and establishing 
a foundation upon which to build. The resource form shown on 
pages 362-363 has a section on which this inventory may be made. 

Planning firsthand experiences. A teachers primary concern in plan- 
ning a science unit is the collection of an adequate number of sug- 
gestions for field work and for classroom experiments. If enough of 
these suggestions can be provided the unit will probably be success- 
ful. It is relatively easy to select needed demonstrations and to find 
books, films, and pictures to amplify the unit. 

Special attention should be given to the possibilities for individual 
experimentation. These are much more numerous than one may sus- 
pect, if one is thinking in terms of traditional college laboratory exer- 
cises. Popularized science books are filled with countless suggestions 
for experiments that require only simple materials and easy techniques. 

Demonstrations have a place in the science program but they have 
serious limitations that make them inferior to individualized experi- 
ments and field work. They should be used when neither of these two 
is practical. 

Field work, which provides some of the most valuable of teaching 
situations, is apt to be neglected unless during planning there are 
deliberate efforts to search for specific possibilities. Traditional science 
teaching, particularly in the physical sciences, has so neglected field 
work that possibilities do not suggest themselves and must be searched 
for. Nonetheless it is difficult to conceive of a unit which permits no 
field work because of the nature of its content. 

Homework is usually thought of in terms of reading and the prep- 
aration of reports or other written papers. Homework in terms of 
firsthand experiences has never been given much recognition. And yet 
there are endless things pupils can do outside school hours to amplify 
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their firsthand experience backgrounds. Each unit plan should contain 
numbers of suggestions for these activities to be assigned either as 
required or as permissive work. The resource unit plan form shown on 
pages 362-363 has a special section for writing these suggestions. 

Using books, films, and other audio-visual aids. Books, films and other 
audio-visual aids provide many learnings that cannot be gained through 
firsthand experiences in the usual school situation. These sources of 
vicarious experiences should be used as freely as possible but always 
with consideration for their limitations. Pupils who do not read well 
or who have limited experience backgrounds should not be penalized 
by unwarranted emphasis upon sources of vicarious experiences. 

When books, films, slides, pictures, models and film strips are used 
to supplement firsthand experiences, the latter will help provide the 
background needed for proper interpretation of the former. In addi- 
tion, pupils who do not gain much from the former type of activities, 
are not discouraged at the outset; instead they find activities that 
appeal to them and challenge them. An organization that puts vicari- 
ous experiences in a supplementary role is always a wise one. There 
arc occasions when books and films may be employed in other fashions, 
especially when a group of pupils are academically talented, but the 
presentation should be carefully thought through in advance. 

Books requiring different levels of re.ading ability should be listed in 
the unit plan. These may include books written for young children 
and books written for college students, since the range in reading 
levels of high school pupils is great. 

First attention should be given to the books kept in the science class- 
room. Tlicse are always available and are therefore most useful. A 
brief survey of the school library and the community libraries will give 
the names of books pupils can borrow. If there is space, the titles of 
suitable books that are not available may be listed to serve as sugges- 
tions when library requests are presented. 

Films and filmstrips available in the school collection should be 
listed. Rental films may be listed if there are opportunities to obtain 
them. Free and inexpensive materials loaned by various agencies 
should be listed so that they may be ordered. 

Providing summarization activities. Pupils need opportunities to bring 
together their learnings, organize them, and view them as part of a 
complete picture. Various types of projects serve excellently for this 
purpose. Among the projects that may be used are charts, models, 
collections, exhibits, and paintings. Dramatization can play an impor- 
tant role with plays, assembly programs, radio presentations and 
mock telcx’ision programs. Notebook and scrapbook exercises are help- 
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ful. The results of class work may be written up for the school and 
local newspapers. 

A wide range of types of activities is desirable. There should be 
suggestions to suit different interests and different talents. There 
should be activities that can be carried out by the class working as a 
whole, by small groups working independently, and by individuals. 

Suggestions for project work may be difficult to classify. Many proj- 
ects require collecting information as well as organizing it. It matters 
little where these suggestions are placed in the final plan, as long as 
the potentialities of each are fully utilized. 

To culminate a unit on electricity a physics class prepared an exhibit de- 
picting some of the major developments in the history of that area of science. 
On a table were displayed miniature models of some of the devices that 
brought about early discoveries or made these discoveries useful. Behind 
the tables a frieze gave names, dates, places and pictures to supplement 
the exhibits. 

Summarization is usually thought of as conducted by the teacher. 
This need not be so. Pupils often are able to summarize their learn- 
ings with a little help from the teacher. 

Near the close of a seventh grade unit on the uses of water, Mrs. Blair 
divided her class into six groups, each of which was directed to prepare a 
summary of the work done in one of the major areas of the unit— water 
power, drinking water, water for recreation, and so on. 

The pupils met, used their notebooks and textbooks for reference, and pre- 
pared summary outlines. The class then reconvened, the summaries were 
discussed briefly, and given to Mrs. Blair. She had the summaries duplicated 
so that each pupil could have a copy. 

Planning for review and driif. Needs for review and drill cannot well 
be determined in advance. Pupils may grasp desired content quickly, 
or they may be very slow. The best form of review and drill is re- 
teaching. From the list of suggestions for demonstrations and experi- 
ments may be selected some that were unused earlier in the unit; 
when presented they review learnings often in a very interesting way. 

The pupils in Mr. Jordan’s physics class had constructed step-down trans- 
formers by winding coils of wire on large nails. Though these transformers 
Were inefficient they could be used to make flashlight lamps glow. 

A few days later Mr. Jordan placed a socket containing a flashlight lamp 
on his demonstration table. Immediately it began to glow. 

The pupils were mystified at first but after noting that the lamp glowed 
only when placed in one spot on the desk, they recalled their laboratory 
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work and solved the puzzle. Taped to the bottom of the socket was an in- 
conspicuous coil of wire. Underneath the table top was another coil con- 
nccted to a source of A.C. current. 

Preparing for evaluation. Excellent test items may suggest themselves 
during the preparation of a resource unit If these questions are 
written out immediately they will be available at any time during the 
teaching of the unit. If they are not written out, they may be forgotten 
or recalled with difficulty. 

If the resource unit form described in the previous section is used, 
the test items may be written on the reverse of the second sheet. Addi- 
tional pages may be added if needed. Amendments and additions may 
be added at any time. 

It is convenient to have a selection of lest items immediately avail- 
able whenever a test is to be constructed. Sometimes one is in a hurry 
and sometimes one is tired. It is much easier to select suitable items 
for a test than it is to formulate them. 

Greater justice is done to pupils when test items are written out 
before the unit is taught. The items may be written with greater care, 
or, if not, there is an opportunity to revise them. Special words used 
in the questions are introduced carefully and drilled upon. And the 
test items are written with the over-all view of the unit in mind. 

SPECIAL UNITS FOR SPECIAL PURPOSES 

During the past half century, several unusual and interesting teaching 
procedures were proposed, tried out, and abandoned. Each type had 
certain strengths but each also had its weaknesses. Too much was ex- 
pected of it, and when it failed, it was discarded completely. Never- 
theless, these procedures have important values when used with care 
and understanding. Each type appeals to different personalities. Each 
changes the emphasis in a program, adds variety, and broadens the 
appeal of the science program to young people. 

The major weakness of most of these special teaching procedures 
was their inflexibility. Once embarked upon, a set of plans had to be 
continued through to the end or abandoned entirely. There was little 
or no opportunity to adjust the plans as new conditions arose. 

When using these special procedures in the science program it is im- 
portant to remember this inflexibility. The units should be kept short 
and limited in scope. No matter how strongly the procedures may ap- 
peal to an adult, there is no guarantee that a group of adolescents will 
be challenged by them for more than a few days at a time. 
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Contract units. During the 192(rs there were several experiments with 
completely individualized instruction. Generally, all these plans es- 
tablished subject matter goals and then set the pupils working towards 
these goals as rapidly as each could progress. These plans emphasize 
subject matter achievement almost to the exclusion of everything e se. 
They succeeded best with those pupils who enjoy working alone on 
academic tasks. Other pupils did not fare so well. 

One of the individualized programs became rather famous as the 
so-called "contract plan.” Each pupil was given a list of a set of tasks. 

He could “contract" to do a minimum number of these tasks tor a sat- 
isfactory but minimum grade. Or he could contract to do a greater 
number of tasks for a higher grade. j 

The contract plan appeals to certain types of pupi ® ^ . 

come change from conventional procedures. A short con rac uni 
gives excellent results. 

Miss Birdsall was doing her cadet teaching in a system that 
experiment with almost any procedure she wished. One d J, V 

stopped to see the principal of the school ashed 

"What hind of a girl did you send me anyway? the pnnmpal ashea 

’’^Itilng that Miss Birdsall had committed some serious faux-pas, the 
supervisor ashed what she had done. , j 

"She’s not in any trouble," the principal on his 

home the other night at eleven o’cloch ““ Ordinarily, he never 

science. The next night he worked until j,e was 

does any kind of homework unless I make htm. rnntract I thought 

‘Icing. He told me he was trying to finish his science contract. k 

contracts went out years ago.” 

A contract unit used for science frtMtfeTthat pupils ciin 

days at the maximum. It should be studrperiods, 

carry out successfully by themselves, at > and field 

and in the library. Book research, simple home e.rpenments, 

Work lend themselves best to the contract p an. nunils of 

Pages 372-373 show the duplicated S"'™ solutions, 

eighth grade science sections about to ma 'C * ^ 

Icllowing a review of test papers that J^'frnct. He referred 

Mr. Aifcii initiated a discussion of the meaning f luiUling. The 

<C contracts used ill the construction of a cither a 

P^‘pils knew that a construction company varies in cac t 

building or a small building, and that the r tallnn 

Afr. Axtell told about the time clause. 
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A CONTRACT UNIT 
Common sohiions 

Read through the following items and check those that you would like 
to do. Then decide what grade you would like to contract for. Grades 
will be given as follows; 

D_The starred items plus one more from each group 
C— The starred items plus two more from each group 
B— The starred items plus three more from each group 
A— The starred items plus four more from eoch group 

Discuss your choice with your teacher and then sign your name in the 
proper place on the other side of this sheet. 

* Prepare a title poge for the section on solutions in your notebook. 

* Introduce your unit with o description of whot a solution Is. 

* Write on article telling why solutions ore importont to us. 

Group one 

* Learn how to use filter paper to filler liquids. Moke o diagram 

for your notebook. Filter the mixture of muddy woter and ink 

your teacher will give you. Describe your results. 

I 1. By experiment discover ten substances that dissolve rapidly In 
I water end ten substances that dissolve slowly or not at all. 

2. Filter tea, coffee, milk, cocoa and six other common liquids. De- 
scribe what happens in each case. 

3. Write on article on the nature of ocean water, lllustrofe it with 
a graph showing the composition of ocean water. 

4. Explain what "hard" water is and how it becomes hard. 

5. Moke up an experiment to show whether heat affects the rote 
with which something dissolves. Write up the experiment. 

6. Find out how food becomes dissolved in our bloodstream. 

7. Experiment to find out whether salt dissolved in water changes 
the boiling temperature of the water. 

8. Set up an experiment to show how minerals get into plant roots. 

9. Show that substances dissolved in water may change the density 
of the water. 
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Group iwo 

* Evaporate the water from a solution of common table salt. De- 
scribe in your notebook what happens. 

1. Write an illustrated account of the way sugar is prepared from 
sugar cane or sugar beets. 

2. Find out how much mineral is dissolved in a gallon of tap water 
by evaporating the water. 

3. Explain why rain water is "soft." 

4. Tell how table salt mined from the earth can be purified. 

5. Talk with a plumber about the problems caused by hard water 
in hot water systems. Write up your interview. 

6. Prepare some distilled water and write up the process in your 
notebook, (.ist some uses of distilled water. 

7. Read about the playa lakes of the Great Basin west of the 
Rocky Mountains. Tell how they ore formed and what happens 
in them. 

8. Tell how early settlers prepared potassium hydroxide (lye). 

Group three 

* Reod about crystals and the way they ore formed. Write up your 
findings in your notebook. Draw some crystol forms. 

1. Make some sugar or copper sulfate crystals. 

2. Tell how stalagmites and stalactites are formed. 

3. Make a "crystal garden." 

4. Carve from soap or a potato the shapes of some natural crystah 
such as quartz. 

5. Show how to "frost" gloss with epsom salt. 

6. Tell how crystals are used in industry. 

7. Moke a collection of sedimentary rocks mode of materials ce- 
mented together by chemicols crystallized from water. 

8. Make some candied orange peel. 

9. Tell how petrified wood is formed. 

This work is to be done at the end of the fifth period after the contract 
is signed. Extension will be granted in case of sickness. Extra credit 
will be given for superior work ond additional work. 


(Date) 


(Pupil's signature) 


(Grade contracted for) 


(Teacher's signature) 
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which a job must he completed and which penalises a builder loho does 
not complete his work on time. He also mentioned the possibilities jor 
bonuses if construction is finished early or if superior work is done. 

Mr. Axtell proposed that contracts be used in the study of the next unit. 
The pupils were excited about the prospect and looked over the sheets of 
possible activities eagerly. Mr. Axtell directed the pupils to read each item 
carefully and check the ones each thought he would like to do. On the 
basis of the check marks each pupil determined the contract he tvoidd sign 
for. Mr. Axtell advised each pupil personally if there seemed any question 
about how much to contract for. Not many pupils aimed too high and none 
underrated his ability. 

For the first two days all work was done individually in class time. On 
the third day, Mr. Axtell presented a demonstration near the end of the 
period. On the fourth day, he used part of the period for a discussion of 
results and a report of some special projects. On the fifth day he gave n 
culminating test during the last half of the period. 

Most of the pupils completed their contracts on time. A few completed 
them beforehand and were encouraged to do additional tasks for bonus 
points. A few pupils did not finish on time and had to stay in detention 
room to make up their work. 

Teacher*pupII planned units. It is highly desirable to have pupils par- 
ticipate in the planning of science work. They understand much better 
the purpose of ^vhat they are doing and they benefit in many ways 
from the experience with cooperative planning. 

It must never be forgotten, however, that pupils are not trained in 
educational psychology nor in the special methods of science teaching. 
They cannot be expected to do planning that is equivalent to what a 
teacher can do. They will neglect areas and procedures of which they 
know nothing. They may select problems that are too big for solution. 
And they will greatly overestimate their attention span. 

The teacher must give constant attention to the planning process. 

It is usually well for him to plan beforehand in complete detail the 
unit suggested to the pupils. He is thus able to use his plans as a start- 
ing point and as a reserve of constructive suggestions should the imag- 
inations of the pupils fail. 

Limited topics are best for teacher-pupil planned units. Pupils 
grasp the over-all development of the unit better. Mistakes in estimat- 
ing pupil interest and attention span are less damaging. It is also well 
to choose subjects that can be treated through conventional methods. 
Pupils understand how to obtain information from books, but they may 
have difficulty in setting up original experiments and in doing field 
research. 



Unit planning 


375 


Tlie original Morrisonian Unit of the 1920’s, although teacher dom- 
inated, can be adapted excellently to teacher-pupil planning. The 
Morrisonian Unit was divided into five steps: 

1. Exploration (determination of pupil background) 

2. Presentation (over\'iew of the unit) 

3. Assimilation (collection of information) 

4. Organization (development of understandings) 

5. Recitation (verbalization of understandings and applications) 

The same five steps arc desirable in the teacher-pupil planned unit 
but the emphasis is shifted to include increased opportunities for pupil 
initiative. The first step of the planning process may be given over to 
a free discussion of a problem set up by the teacher. This introductory 
problem must be selected with considerable care in order that the 
pupils will accept it as their own. It must appeal to their imaginations, 
lie within their e.xperience background, and lead naturally into a 
number of sub-problems which the pupils can recognize without help. 

The second step, which usually intergrades with the first, is the 
planning period proper, during which the pupils define precisely the 
problems and the procedures they expect to use in their solution. As 
planning proceeds the pupils gain an overview of the unit, just as the 
beginning discussion reveals their experience background. 

The third step, like that in the original Morrisonian unit, is one in 
which pupils gather information. This they may do by experimenta- 
tion, by field work and by reference to books. The fourth, or organiza- 
tional step, is similar to the original plan but is modified to the extent 
that pupils organize their information for presentation to each other 
rather than in a form dictated by the teacher. The fifth period of the 
teacher-pupil planned unit is similar to the original recitation period 
except that its purpose is the sharing of experiences, rather than evalu- 
ation. Pupils should use demonstrations and exhibits of their work 
more commonly than strictly verbal reports. 

Some of the more exciting teacher-pupil planned units have dealt 
with such subjects as "What makes us tick?”— a unit on human behavior. 
Pupils are greatly interested in themselves and how they look to others. 
They attack such units vigorously. However, much skill is needed to 
keep these units within bounds. Without careful guidance, class time 
is spent in wild speculations, in reading sensational literature, and in 
discussions of morbid aspects of the subjects. 

Teacher-pupil planned units need not differ radically from other 
units in a science program. Perhaps for the first few attempts at this 
type of teaching it is wise to be somewhat conventional. Later, as 
pupils demonstrate their readiness to accept responsibilities, they can 
be given greater independence. 
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Mr. Dewetjs first experience with a teacher-pupil planned unit thoroughly 
convinced him of its feasibility. He chose the unit “Iron and steel” because 
he could visualize his chemistry classes doing profitable library research. He 
was pleasurably surprised to discover that his pupils were able to plan 
activities other than book work and to make suggestions that had not oc- 
curred to him. 

The initial discussion centered upon the relative values of different metals, 
the pupils thinking at first in terms of the rare metals but quickly realiz- 
ing that in terms of utility steel surpasses them all The discussion quickly 
brought up some questions that were puzzling the pupils— 'What is the 
difference between iron and steel?” “Why is steel better than aluminum 
for atrp?ane engines.^'’ and “Why doesn't stainless steel rust?” 

The pupils seemed genuinely interested in these questions and Mr. Dewey 
suggested that they list all questions that they would like answered. 

Some of the pupils wanted to attack these problems immediately but 
the majority proposed a more systematic and comprehensive approach. As 
a result, problems of a more general nature were set up. It teas at this time 
that Mr. Dewey gave his first concrete help, chiefly in wording problems 
succinctly and in proposing aspects the pupils had not considered. Below 
are the problems that were finally established, os well as the preliminary 
problems: 


Freliminanj list of problems 

1. What is the difference be- 

tween iron and steel? 

2. What is stainless steel? 

3. How strong is steel? 

4. Why can steel be picked up 

by a magnet? 

5. Why is steel needed for air- 

plane engines? 

6. How does a steel-culUng torch 

work? 

7. How are steel parts welded 

together? 

8. What makes a knife blade lose 

its temper? 

9. Why can’t you paint over iron 

rust? 


Final list of problems 

1. How is iron produced from 

ore? 

2. How is steel made? 

3. What are the properties of 

steel? 

4. How may the properties of 

steel be changed? 

5. How is steel shaped into dif- 

ferent objects? 

6. What are the advantages of 

alloy steels? 

7. How can iron rust be pre- 

vented? 

8. What are some general and 

specific uses of steel? 


The pupih worked by committees, one to each problem, with the intention 
of reporting back to the class on their findings. To make their reports in- 
teresting, they planned to use models, charts, collections, and other visual 
aids. For a total of five days the committees worked for the major part 
of the regular class periods on their problems and sometimes met outside 
school hours. Once each day, however, the class met as a whole to report 
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progress and difficulties. On the fourth day, Mr. Dewey led a discussion 
of the general principles of presentations. The pupils had many excellent 
ideas about the ways these could be made. 

Presentations began the sixth day. One group had a model of a blast 
furnace and samples of ores, coke and limestone to illustrate its report. 
Another group had charts of open hearth furnaces and Bessemer con- 
verters. One group had obtained help from a physics teacher in setting 
up a demonstration of the reaction of steel to different stresses. Still another 
prepared an experiment on the tempering of steel, in which the others could 
participate. 

Presentations took up the better part of three class periods. When the 
pupils were through, Mr. Dewey proposed that the presentation materials 
be made into an exhibit for display cases in the main foyer. Another period 
was used for preparation of the exhibit. 

At the end of the unit, Mr. Dewey asked for an evaluation of the method 
used. All the pupils agreed that it was very effective. One girl exclaimed, 
‘7 never learned so much before in my life!” The culminating test of the 
unit bore out her claim. 

Project units. The "project plan” was another of the experiments in 
individualized instruction that originated during the early years of 
the twentieth century. It was suggested first by the success of what 
were called "job assignments” in vocational agriculture, but came 
eventually to center more about academic problems than about such 
practical things as raising ten chickens and forty tomato plants. 

Much of the good of the project plan can be incorporated into the 
science program. Science lends itself to the same types of practical 
piojecls as those used in voeational agsieuUuTe. A later chapter will 
deal with the nature and value of science projects. This section will 
deal with building units around the projects. 

One type of project unit requires that pupils work alone on indi- 
vidual projects. The pupils have identical assignments such as: “Make 
a booklet of leaf prints.” Or a list of possible activities may be pre- 
sented so that pupils have a choice of the things to do. The following 
list was posted on a bulletin board to guide pupils in selecting a project 
for a seventh grade unit on common animals: 

1. Catch a caterpillar and keep it alive in a cage, giving it proper 
food. 

2. Start an ant colony. 

3. Make an aquarium with some minnows in it. 

4. Collect twenty insects, kill them and mount them properly. 

5. Keep some earthworms in a box of soil. 

6. Make a census of the birds living in your block. 

7. Keep some water insects in an aquarium. 
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8. Make an aquarium for a pond snail. 

9. Keep a land snail in a terrarium. 

10. Keep grasshoppers in a cage. 

11. Keep a tadpole in an aquarium. 

12. Make a suitable habitat for a frog. 

13. Keep a toad in a terrarium. 

During the development of this unit pupils first made tentative 
choices of the projects they would work on and began reading about 
the animals to be studied. Each then planned the materials he would 
need. The better part of the next two periods was spent in setting up 
cages and making collecting equipment. The class then took a field 
trip to a nearby undeveloped park area where most of the animals were 
available. Parts of two following periods were spent in establishing 
the animals in the cages or aquariums and in reporting on activities. 
Although a new unit was started after the sixth day, the pupils kept 
their animals for about two weeks longer. 

The teacher of the class discussed above used an interesting tech- 
nique with his project units. While one section carried on a project 
unit, his other sections had a different type of unit. Through such 
rotation, he provided more working space for his pupils than he could 
do if all sections carried out projects at the same time. 

Project work by small groups is popular with pupils who like to 
work together. As with previous examples, the projects may be as- 
signed or choice may be permitted. Groups may be of uniform size or 
they may vary with the nature of the project. 

Mr. Scarry used a project unit for an eighth grade study of astronomy. He 
suggested a number of possible projects and permitted pupils to suggest 
others. He did not specify the number of pupils ivho might work in a group 
but he controlled the maximum niimber of pupils who could ivork on any 
one project. Some of the projects chosen by the pupils were: charts of the 
solar system, a model of the moon, constellation viewers, and telescopes 
made from niailing tubes and lenses. 

Mr, Scarry initiated the unit with a disettssion of possible projects and 
ways to carry them out. This was followed by organization into groups 
and group planning meetings. Pupils were expected to collect needed ma- 
terials within a certain time, until which time Mr, Scarry conducted an 
introductory study of astronomy. When everyone was ready, Mr. Scarry 
gave the class three periods for group work. At the end of the unit pupils 
displayed their projects to the others and discussions followed. 

A teacher may also develop a unit in which the entire class works 
on one project. A teacher of earth science may suggest that the class 
set up a weather bureau making all the apparatus— hygrometers, rain 
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gauges, and so on. Or a class may prepare a map showing all the trees 
in a park. Assembly programs, radio programs and special exhibits 
make interesting project units for an entire class to work on. 

In the Cherry Valley Central School, New York, pupils with good academic 
records were permitted to substitute earth science for the usual ninth grade 
general science course. The resulting class was made up of highly enthu- 
siastic and capable pupils. 

Early in the course the pupils became proficient in the use of contour 
maps. One year a pupil suggested that the class moke a relief model of 
the area surrounding the community and thus a project unit was initiated. 

The initial planning stages shotted the need for a careful survey of the 
area. To obtain expert help with this phase, the class asked a civil engineer 
to explain the nature of a survey and the operation of the instruments used. 
Following his talk and demonstration, several boys made levels, plane 
tables, and other equipment in the school shop. 

The engineer volunteered to help the class during the first day of the 
survey and supplemented the improvised equipment with his own instru- 
ments, The pupils demonstrated such a sense of responsibility that he left 
his instruments with them for the balance of the survey. 

The survey required several periods even when supplemented by the 
out-of‘School efforts of several of the pupils. But finally the data were 
complete and the pupils had a contour map from which the model could 
be constructed. 

Before making the model the pupils had to investigate the media to be 
used. Committees were appointed to ask about and read about papier indch6 
and plaster of Paris. Experiments with these media were undertaken. Pro- 
cedures for building up the contours were devised. Finally model making 
began. 

Each class member was busy on some phase of the work. Some made 
molds, some mixed plaster. Some prepared trees from rubber sponges and 
houses from bits of wood. As work progressed the accuracy of the model 
was constantly checked against the data available. 

Though five weeks were needed for the completion of the unit everyone 
agreed that the result was well worth the time. The model was attractive 
with its bright paints and its miniature trees, buildings and bridges. It was 
informative because of its wealth of detail. Parents brought the project to 
the attention of the town officials who provided for the display of the model 
in a public place. Everyone, it seemed, was happy with the results. 
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Suggested activities 

1. Plan a teaching unit similar to die sample given on page 360. 
Make certain that you include activities that can be used to provide 
for each of the elements of a science imit described on page 352. 

2. Plan a resource unit. Set up the first lesson plan to be used with 
this unit. 

3. Assume that you have just completed a unit on “The Circulation 
of the Blood.” What are some charts and models which your pupils 
can make to help them summarize and organize what they have 
learned? 

4. You are about to study a unit on “Rocks” in a seventh grade 
general science class. List the motivation factors that you might be 
able to utilize to stimulate pupil interest in this unit. 


Suggested readings 

Alberty, H. B., Reorganiztng the High School Curriculum, Macmillan, 
New York. 1947, Part III. 

Miller. David F., and Blaydes, Clenn W., Methods and Materials jor 
Teaching Biological Sciences, McGraw-Hill, New York, 1938, 
Chapter V. 

Morrison, H. C., The Practice of Teaching fn the Secondary School, re- 
vised edition, University of Chicago Press, Chicago, 1931. 

Quillen, I. J,, “Using a Resource Unit,” Problems in American Life 
Series, The National Association of Secondary School Principals and 
the National Council for the Social Studies, Notional Education As- 
sociation, Washington, 1942. 

Smith, B. 0., Stanfey, W. O., and Shores, J. H., Fundamentals of 
Curriculum Development, World Book, New York, 1950. 

Strickland, Ruth G., How to Build a Unit of Work, United States Office 
of Education, Bulletin 1946, Number 5, United States Government 
Printing Office (Federal Security Agency), Washington, 1946. 

Wright, Grace S., Core Curriculum Development: Problems and Prac- 
tices, United Slates Office of Education, Bulletin Number 5, United 
States Government Printing Office, Washington, 1952. 
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lilding a completely new 


program is a major undertaking that requires an extensive knowledge 
of content, teaching procedures and young people. It is a task for the 
experienced teacher, or, better yet, for several experienced teachers. 

The beginning teacher is advised to depend upon an already estab- 
lished program, one that has been designed by experienced teachers. 
He can find such a program in textbooks, state outlines, and local 
courses of study. He will be able to present an acceptable science 
course through the use of one of these ready-made programs. 

A very little experience, however, reveals that a course of study 
prepared by others is not quite satisfactory. It does not anticipate ex- 
actly the needs and interests of the pupils. It does not fit exactly the 
teaching situation. It does not meet exactly the teacher’s own interests 
and desires. Modification is called for. The sequence of the units can 
be reorganized. Some material can be deleted. New units may be 
added. All these improvements add to the value of the program. 

There will come a time when a teacher feels capable of developing 
a completely new program, drawing freely upon other course outlines 
and upon his own experiences. The final product is custom built for 
the specific situations in which it is to be used. 


BASING A SCIENCE PROGRAM UPON A TEXTBOOK 

Several leaders in science education recommend strongly that a text- 
book be used as the basis for a science program. One author goes so 
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far as to claim that with so many excellent texts available, any time 
and energ)’ spent on the construction of courses of study is “vain and 
utterly wasteful.” Such a strong stand may be debated, but there is 
no question that the textbook can be very useful to the young teacher 
who must initiate a science program. 

The textbook as a course of study. A textbook is fundamentally a 
course of study, designed to stand alone without implementation. Its 
authors have spent much time determining the content that is most suit- 
able for a wide variety of situations. They study traditional programs 
and they investigate unusual programs. They take into consideration 
such factors as the balance of the different areas, the maturity of the 
pupils for whom the program is designed, and the mandates of state 
education departments, 

The authors also organize the content for effective presentation. 
Some authors arrange the content on a seasonal basis so tliat a teacher 
can make full use of field trips and seasonal materials. Other authors 
use a sequential development, building one section upon the learnings 
of previous sections. Tliough the decisions are arbitrary, they are 
based upon extensive experience with pupils in many different situa- 
tions. 

Textbooks contain a great many carefully selected photographs and 
diagrams that serve as valuable teaching aids. There are usually pre- 
views, pretests, vocabulary lists, summaries, review materials, sugges- 
tions for further study, and test items. All these features add greatly 
to the value of a textbook as a course of study for beginning teachers. 

limitations of the text as a course of study. Textbooks are designed 
to sell to a broad market. They must be usable any^vhere in the coun- 
try, in any type of school and in any type of teaching situation. A pro- 
gram suggested by a textbook is necessarily general. In consequence 
a textbook program truly fits no specific situation precisely. It cannot 
take advantage of resources unique to one community. It cannot antici- 
pate local events. It can at best be only approximately seasonal in 
organization. Textbooks tend to contain much more material than can 
be treated adequately in the time available. This is because authors 
are under strong pressures to meet every interest and every demand. 

Generally, a textbook program must be modified for maximum ef- 
fectiveness in any single teaching situation. Superfluous material must 
be deleted. The remaining material must be rearranged to take ad- 
vantage of local events and local conditions. New materials, based on 
local resources, must be added. 

1 Hoff, A. G., Secondary School Science Teaching, Diakiston, Philadelphia, 
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Present clay textbooks are handicapped by a tradition established 
when textbooks were designed solely for use in the reading-recitation 
method teaching. They answer all important questions. They solve all 
basic problems. They detail all the steps of essential experiments and 
tell the pupils what should be observed and what conclusions should 
be drawn. Unless a teacher is carefid to make use of problems and 
experiments not suggested by the text, pupils have little opportunity to 
speculate, to devise methods of attack, and to draw their own con- 
clusions. 

Selecting a basic text. The general characteristics of textbooks and 
some of the criteria for their selection have been discussed in a pre- 
vious section. However, it is desirable to consider here the qualifica- 
tions needed by a textbook that is to become the basis of a science 
program. 

The most essential characteristic is flexibility. It should be possible 
to begin studying almost any section of the book at the beginning of 
the year. It should be possible to delete any section without hindering 
the understanding of following sections. It should be possible to re- 
arrange the sequence of sections in almost any order. 

The difficulty of the material must be considered in terms of the 
educational maturity of the pupils for whom the book is intended. 
Structural formulas of organic compounds are not well suited for the 
comprehension of eighth grade pupils. Vector analysis of alternating 
current machinery is too abstract for most physics pupils. Chemical 
equations mean little to pupils in sophomore biology. 

If the material that seems too difficult makes up but a small fraction 
of the content of the text, and if the program is sufficiently flexible, 
a textbook may still be a useful program guide; the difficult material 
may be assigned to exceptional pupils only. But if the difficult material 
makes up a substantial part of the book, with pupil success dependent 
upon understanding it, the book may be a good reference but a poor 
course of study. 

Adapting a textbook program to a local situation. 

Mr. Wilbur accepted his first position in a school that had adopted a well- 
krxown textbook, the chapter headings of lohich are given in the left column 
of table 12. During his first year, Mr. Wilbur followed the textbook closely 
but by the end of the year recognized that a number of changes would 
improve his program for the coming year. 

For one thing, Mr. Wilbur wished to use the good weather of autunm 
and spring for the study of plants and animals. This he could do by begin- 
ning his program tvith chapter eleven, “Adaptations for Survival and closing 
with chapter twelve, “Conservation of Lioing Things." 
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Some of the material in chapter ten, ’‘Communication in a Modern World” 
he discovered to he heijond the grasp of many of his pupils. He deleted this 
chapter as a unit, transferring the material on telegraphs and telephones to 
( haptcr three, “Electricity and Its Uses.” 


Original Organization * 
Introduction 

1. Matter From Atom to Uni- 

verse 

2. Conservation of Natural Re- 

sources 

3. Electricity and Its Uses 

4. Light and Its Uses 

5. Building a Healthy Body 

6. Conserving Our Health 

7. Macliines for Modem Liv- 

ing 

8. Houses for Modern Living 

9. Modern Methods of Trans- 

[)ortation 

10. Communication in a Modern 

World 

11. Adaptations for Survival 

12. Conservation of Living 

Things 


Modified Organization 
11. Adaptations for Survival 

8. Houses for Modem Living 

9. (In part) The Automobile 

5. Building a Healthy Body 

3. Electricity and Its Uses 
(New) The Processing of Meat 

4. Light and Its Uses 

7. Machines for Modern Living 

6. Conserving Our Health 

2. and 12. Conserving Our Nat- 
ural Resources 


Table 12 . Original table of contents from a ninth grade science text- 
book and the modifications of the program planned to fit the program 
to a specific situation. {‘From Smith, V. C., and Jones, W. E., 
Using Sforfern Science, Lippincott, Chicago, 1951.) 


f/is pupils had shown an adequate knowledge of airplanes due to study 
in earlier grades so he deleted this material from chapter nine and expanded 
the remainder to make a tmif on '“Automobiles.” 

When school opened in the fall, a housing project was under construction 
near the school. To take adtxinfagc of the opportunities for field work, 
Mr. Wilbur shifted chapter eight, “Houses for Modern Living,” into second 
place on his program. 

Because many of the parents of his pupils loorked in a large meat packing 
plant, Mr. Wilbur planned a unit on the processing of meat. This he as- 
signed to a time between two physical science units to provide better 
contrast. 

Mr. Wi/bur made a few other minor changes. He used the material of 
the introduction in his end-of-the-year review instead of at the beginning. 
He broke up chapter one, “Matter from Atom to Universe,” and distributed 
the content among other anils. He separated chapters five and six to provide 
more variety and contrast. He combined chapters tieo and twelve. His 
final program is shown in the righthand column in table 12. 
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Thus Mr. Wilbur tailored his program to fit his special needs. He 
did so believing that his new program would be far more interesting 
and profitable for his pupils. But despite the many changes he actually 
departed little from the content of the original plan. 

Mr. Wilbur’s new outline illustrates four types of modifications that 
may be made in an elastic textbook program: (1) The content was 
given a general reorganization; (2) some material was deleted; (3) 
certain sections were broken up and the material reassigned to other 
sections; and (4) new material was added. 

Reorganization on a seasonal basis is the most obvious modification 
that one may make. Mr. Wilbur, if he had thought of it, could have an- 
ticipated the need for this type of change at the very beginning. An 
organization that permits the use of seasonal materials is of special im- 
portance in general science and biology; it also has value in any courses 
that use field work. 

Reorganization on a psychological basis is less obvious but equally 
important. Certainly, to produce favorable first impressions, a science 
program should begin with material that will be interesting to the 
greatest number of pupils. Generally the most satisfactory opening 
units are based upon extensive field work, individual experimentation, 
and project work. 

In general science especially, with its great range of pupil interests 
and abilities, it is advisable to provide variety in the program by alter- 
nating units of entirely different characteristics. Pupils \vho are not 
stimulated by one type of unit have greater possibilities for being chal- 
lenged by the next. In the elective sciences the need for variety and 
contrast may be less important but should not be ignored. 

Mr. Wilbur had two criteria for deleting some of the content of the 
textbook program. Certain items he found too difficult for the majority 
of his pupils. Other items he found repetitious of work they had done 
before. Had his textbook contained too much material to be covered 
adaquately, he would have found it necessary to weigh the value of the 
different sections in order to decide which to retain. 

Mr. Wilbur broke up two diaplers which he felt had little appeal as 
presented in the text The material in these chapters he assigned to 
other chapters. This practice necessitates a certain amount of cross- 
referencing and sometimes calls for special outlines to help pupils keep 
their thoughts organized. 

When new material is added to the program, it may be organized in 
one or more complete units as Nfr. Wilbur chose to do. Or it may be 
added to already existing units in the form of subordinate sections. 
Usually the new material overlaps some of the material included in the 
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text. When it does, pupils may use the books as a reference during the 
study of the new material. 


UTILIZING ESTABLISHED COURSES OF STUDY 

Among tljc resources available for the planning of science programs 
.ire courses of study prepared by state and local agencies. Such courses 
of study generally represent several years of work by experts in science 
teaching fields. The courses of study have often been tried out on an 
experimental basis, and they have usually been submitted to expert 
teachers for review and criticism. 

According to general practice, courses of study are suggestive only. 
Occasionally a school system demands that a teacher base his program 
on a certain course of study, but usually he has full freedom to reorgan- 
ize the material to fit his special needs. 

Strengths and limitations of established courses of study. Courses of 
study, like textbooks, define the content that has been found satisfac- 
tory for a good program. They present a pattern of organization that 
hvis been found effective. Tliey suggest leaching procedures— experi- 
ments, demonstrations, field work, and projects. They give lists of 
books, films, and slides suitable for supplementing the program. 

Courses of study are designed for statewide or community use and 
arc somewhat more specific than textbooks can be. Nevertheless, they 
arc not so well adapted to the needs of an individual teacher as is a 
program he himself h.is developed. Courses of study are not so self- 
contained as are te.xtbooks. A teacher must have a larger file of sup- 
plementary materials to use them effectively. For this reason, begin- 
ning teachers are usually attracted to textbooks. 

Experienced teachers often prefer to base their programs on state or 
local courses of study. They find that textbooks are not well adapted 
for the problem-solving roctlxod of teaching because all major ques- 
tions are answered and all basic problems are solved. Tliese teachers 
want the pupils to devise their own methods of attack on problems, 
make tlieir own observations, and draw their own conclusions. 

Modifying a state course of study for local use. Courses of study may 
bo modified in much the same way as are textbook programs. The or- 
ganization may be altered, material may be deleted, units may be 
broken up and distributed among other units, and new material may 
be added cither in the form of new units or to supplement existing 
units. The teacher has somcxvlial greater flexibility in breaking up units 
and reassigning material than when using a te.xt because textbook units 
tend to be highly integrated. 
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The major headings of a state course of study in physics are given 
below. 

I. The Relationship of Physics to Life 

II. Man’s Control of Liquids and Gases 

III. The Nature of Molecular Forces 

IV. The Relationship of Forces and Motion 

V. Machines Do Work 

VI. The Nature of Heat 

VII. The Nature of Sound 

VIII. The Nature of Light 

IX. The Nature of Magnetism 

X. The Nature of Static Electricity 

XI. Man Uses Electricity in Motion 

XII. The Nature of Electro-magnetic Induction 

XIII. The Nature and Value of Radiations and Electronics ^ 

Though the organization follows the pattern found in so many text- 
books and syllabuses, there is actually no reason save tradition why 
the organization cannot be radically altered if a teacher sees sufficient 
advantage in doing so. 

After some eight years of teaching, Mr. Tanner found himself dissatisfied 
with his physics program. Too few pupils were electing the course. Too 
many were dropping the course in discouragement. 

Unquestionably his pupils were being given an unhappy introduction 
to the course. “Why muk a physics course begin with mechanics and the 
metric systemF’ Mr. Tanner asked himself. “Why not begin with some 
area that has immediate appeal to the pupils and that uses a minimum 
of mathematics? Why not introduce the metric system gradually and 
delay difficult conversions until after pupils have developed facility with 
both systems of measurements?^’ 

Mr. Tanner chose the study of light for an introductory unit. He kept 
interest high through the study of cameras, telescopes and photography 
He encouraged extensive project work— pinhole cameras, periscopes, pic- 
ture projectors. He used problems that depended upon simple mathe- 
matics for solution and he introduced only millimeters and centimeters 
into the system of measurements. 

His second unit centered about the study of electricity. The introduc- 
tion was generally non-mathematical, with several field trips, numerous 
experiments, and extensive project work. Toivards the end of the unit 
mathematics was used more extensively. 

The third unit, “Electronics," was an extension of the second unit. His 
pupils encountered no diffictdtics loith the material presented. Project 

2 Science for Oregon SchooU, Part JI, Hifdt School Science. Anderson. 

Robert E., ed., Oregon Slate Department of Edncation, 1949. 
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has so many needs. There is so much material from which to choose, 
all of it worthwhile. There are so many variables to be considered. 
Program makers need some clearly defined principles to guide them. 


Criteria for the selection of course content. A study of opinion con- 
ducted by the National Association for Research in Science Teaching 
produced the following criteria for the selection of course content. 


Course content in science should: 

1. Be in harmony with accepted objectives set up for the pupils. 

2. Lead to the inculcation of appropriate scientific at'itudes and un- 
derstanding of the methods of science. , . , , • i • j i • 

3. Encourage the belief in, and practice of, desirable social ideals ir- 


4. 

5. 

6 . 

7. 


volving science. 

Be of direct use to pupils in their daily living. 

Be appropriate for the ability level of the pupils. , 

Aid pupils in the interpretation of local and world enviro^e.d. 
Be in harmony with the needs and interests of the pupils. 


These eriteria are necessarily general and capable of broad intepreta- 
tion. They should not be applied singly because almost any itern ot 
subject tn^er is certain to lit one ot them. They should be apphed as 
a whole to every possible item ot content to insure a worthwhile and 

"“3 raS., 

content for courses of study in special fields. These wi 1 ^‘ate the sam 
thoughts but in more direct terms. The list below S'ves the ontena 
used by the New York State Regents Biology Committee in preparing 
the 1958 syllabus in biology: 

1. Biology must derive its freshness and its unique approach from the 
.. btologY aiust he 

3. 

”e™mi*are’’nd inTylf but rather changes. 

5. as the content in achieving 

the objectives of biology , , j ^ that it interests 

courages students with special science talent. 

. . c..!./,/,;. Part I. Forty-sixth Yearbook of the 

^ Science Education in Amencan g . * The University of Chicago 

National Society for the Study of Education. 

Press, Chicago, 111., 1947. Course oj Study in the Science 
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Mandated content. A program maker should acquaint himself with the 
1 .ws and decrees that govern the content of science courses for his 
p irticular community. Many states have laws that require instruction 
Ml the effects of alcohol, tobacco, and narcotics on the human body. 
There are sometimes slate and local decrees mandating the teaching of 
health, safety or conservation. 

Mandated material can usually be woven into the program without 
being isolated in specific units. The effects of tobacco may be studied 
m a unit on the nervous system, in a unit on disease, or in a unit on 
physical fitness, or in all three units. Properly treated, mandated mate- 
rial can be used to attain the general objectives of science education 
in the same fashion as other materials. 

Conlent of high Intrinsic worth. Some items of content are so obviously 
important to young people that no one questions their place in the 
science program. Most of these items fall into the areas of health, 
safely, and conservation. Two teachers who disagree sharply about the 
relative merits of the study of spiral nebulae or meadow mice find no 
quarrel about the merits of studying fire prevention and good diet. 

Content material of value should be given high priority in all pro- 
gram making. General science teachers and biology teachers have al- 
ways recognized their responsibilities to include material on health, 
safety, and conservation. Physics and chemistry teachers, with their 
attention focussed on abstract principles and mathematical treatment, 
have been slower to recognize their obligations. Yet a physics course 
is an excellent means for studying the behavior of automobiles under 
various driving conditions. And a chemistry course has much to offer 
to the understanding of nutrition. 

Complete units can be built around materials from the areas of 
health, safety, and conservation. Siicli units are easy to develop because 
tlieie is a v.’caltb of possible exporimenls, field studies and individual 
projects. Material on these topics may also be woven into other units. 
Thus a physics unit on stability and balance may include a study of 
safe walking. An earth sdence unit on storms may include a section on 
safety practices during thunderstorms. Such inclusions give additional 
significance to the units involved. 

Selecting content in terms of local resources. There are some superb 
teaching situations around most schools. For one school it may be a 
pond. For another it may be a bakery. For still another it may be 
a museum. Tliese resources should not be neglected. It is always wise 
to begin the task of program construction by making an inventory of 
the resources available for science teaching. Such an inventory needs 
to be brought up to date periodically. 
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Bureau of the State Education Department commissioned research 
workers to develop a file of teaching activities suitable for the junior 
high school grades. More than a thousand suggestions were collected, 
tested, refined and classified under suitable headings. 

A committee of experienced teachers then made up an outline into 
which the suggestions for activities could be fitted. Consultants con- 
tinued to refine the suggestions and to collect additional suggestions to 
round out the program. Finally the consultants determined from the 
activity suggestions the learnings tliat pupils might gain by carrying 
out the suggestions. The completed program has been published in the 
form of three handbooks of suggestions for the three years of the junior 
high school, together with a syllabus that outlines the program and 
tells how to use the handbooks.^ 

This approach to the selection of content lus much to recommend it. 
All material included is known in advance to be teachable through first- 
hand experience situations. This type of program benefits all pupils, 
whether they are retarded readers or academically gifted. The program 
permits maximum flexibility. 

Selecting content to provide a balanced progrom. A well-balanced 
science program brings together elements from the many areas of sci- 
ence and gives them equivalent emphasis. The need for a balanced 
program gave rise to general science in the early part of the century. 
The specialized sciences have always tended to be too narrow; each 
would be improved by the Inclusion of material from the transition 
sciences, biophysics, biochemistry, geophysics, geochemistry and physi- 
cal chemistry. Balance improves the exploratory function of the science 
program. Pupils become acquainted with more areas of science and 
have increased opportunities to discover their special interests and 
abilities. 

Provision for balance adds much to the appeal of a science course. 
Each pupil is more certain of finding areas in which he can gain satis- 
faction. In the narrowly based course his special interests may not be 
met and he may develop a strong dislike for his work. Perhaps the 
cause for the unpopularity of physics among girls is the narrowness 
of its range, which confines it to materials of little interest to girls. ' 

While providing for balance, the program maker should beware of 
including too much material. The well-rounded program need not try 
to cover all that is known about science. Instead it samples a bit here 
and a bit there from widely differing fields. 

Balance is improved by developing units that cut across traditional 

8 Sci^cc r-8-9, New York State Department of Education, Albany, 1956. 

i he Oenerol Science Handbook^ Part I, 1951; Part II, 1952; Part III, 1956. 
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boundary lines into two or more fields of science. A unit on the analysis 
of human motion does much to broaden the physics program. The 
study of soils fits excellently into the chemistry program. Earth science 
should deal with the relation of plant societies to soil and topography. 

Consideration for pupils' backgrounds. A program designed for pupils 
with rich experience backgrounds may be much different from a pro- 
gram designed for pupils who have seen and done little. Pupils who 
have had many direct experiences with soil erosion can grasp quickly 
the significance of much that they read in books and see in films. But 
pupils whose lives have been spent in crowded cities need basic experi- 
ences with the effects of rainfall, cultivation, slope and vegetation be- 
fore words and pictures take on real meaning. 

The experience backgrounds of pupils cannot be taken for granted 
as they once were. Only a few generations ago young people encoun- 
tered at every turn domestic animals, simple tools, elementary manu- 
facturing processes, fires both useful and harmful, and countless other 
simple applications of science. When these young people entered Ae 
schoolroom they possessed a rich background of experience upon which 
to build. Today this condition no longer exists. The program maker 
should realize that the need for firsthand experiences is far more im- 
portant today than in the past He should base more of his program 
upon experiments, field work and demonstrations. He should use con- 
tent that depends solely upon words and pictures with care lest he 
encourage pupils to talk glibly of things about which they know little. 

Content must also be chosen with more attention to opportunities 
for individualized work than was once considered important. Boys and 
girls vary greatly in their backgrounds; some have traveled widely, 
lived in favwable conditions and had many exciting experiences; others 
have Hved limited lives with their expenences confined chiefly to tele- 
vision and movies. 


The dangers of superficiality. Superficiality is opposed to ail that is 
good in a science program. Hasty inadequate teaching leaves pupils 
confused, dissatisfied, and uncertain about their own science aptitudes. 
They have little time to explore their special interests. They have little 
opportunity to feel the satisfaction of success. , . r j . 

When a program contains too much material, a teacher is forced to 
deal with broad generalizations. He has little or no time for ‘each mg 
through experiments and field work. His demonstraUons ™ost be used 
to illustrate broader principles than they are justified ‘o do. He 
force pupils to accept statements which they do not understand. He 
cannof prepare them to deal with exceptions and deviations. 

Superfciality tends to discourage pupils. As the teacher hurries from 
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topic to topic the pupil who stops to think about the implications of a 
statement is left behind. If he is to keep up with the group, a pupil 
must accept statements with the hope that their meaning will become 
clear later. There are a few pupils who do try to think through un- 
clear statements and who go to the teacher for help in understanding. 

But many pupils shrug their shoulders, assume that they lack scientific 
aptitude, and hope that they can pass their courses by being no worse 
than the majority of their fellows. 

Superficiality hinders progress towards the general goals of science 
education. The development of a scientific attitude requires thorough- 
ness of treatment with sufficient time for careful consideration of each 
point. Only thus are pupils able to form the habit of questioning, of 
looking at both sides of an issue, and of retesting doubtful conclusions. 
Superficiality forces a pupil to accept the authority of text and teacher, 
and fosters the habit of blind acceptance. 

The Forty-sixth Yearbook of the National Society for the Study of 
Education gives an extensive analysis of the scientific method and pro- 
vides the following illustration of the type of problem that may be 
utilized: 

A class in general science was showing only avcroge interest in the study 
of bacteria cultures as related to a problem in health until a pupil raised the 
question of the dangers of kissing. The next day a pupil brought in pic- 
tures of cultures taken from the Ups of college men and women. The class 
interest was high at once. They wanted to try the experiments. Several 
members of the class gave up a movie on Saturday to come to school and 
prepare more culture plates for the experiment. The experiments were tried 
and the days while the plates were incubating were “red letter" days as 
far as pupil interest was concerned. When problems become real to young 
people their interest in the solution will always follow.^ 

The solution of a problem such as this one requires time. Certainly 
the major parts of two periods must have been spent in planning and 
setting up the experiment. Portions of other periods must have been 
given to making observations and discussing results. A science pro- 
gram that attempts to cover a vast amount of material could not pos- 
sibly permit a class to spend four or five days on so minor a topic. 

And yet the activities described above have important outcomes. The 
pupils have gained a deeper insight into the scientific method of prob- 
lem solving. Their habits of independent thinking have been strength- 
ened. Their interest in science has been enlarged. And their 

* Science Education in American Schools, Part I, Forty-sixth Yearbook of the 
Nationd Society for the Study of Educatioo, The University of Chicaco 
Press, Chicago, III., 1947. , 
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learnings, which are based on Brsdiand experiences, have provided a 
sound basis for understanding the related material encountered in 
books, movies and television. Such values certainly justify the time 


needed to produce them. 

Two radically different factors act together in encouraging super- 
ficiality in the science program. Tradition is one factor; this holds ma- 
terial in the curriculum after the material has lost its usefulness. 
Modernization is the other factor; it adds new material to the program 
without balancing its value against materials already present. 

Tradition has a greater effect than many people realize. During a 
revision of a state course of study in general science, the curriculum 
bureau received a surprising number of letters protesting the deletion 
of lift pumps and other devices that have practically disappeared from 
the American scene. Teachers are apt to forget that the things in which 
they were interested as adolescents may have little significance to 
young people today. When choosing content for a program, teachers 
should evaluate each item in terms of its present day significance and 
show no reluctance in deleting telegraphs, grindstones and hydraulic 


elevators. 

Over-zealousness in including modern developments m science can 
also be detrimental. Much that is read about in the newspapers is not 
suitable for secondary school science programs. Such timely topics 
should be judged by the criterion that slates that content should be 
appropriate for the ability level of the pupils. , * • i r 

Many pressures are brought upon teachers to mclude materml of 
special inLest into the curriculum. Some of the pressures come from 
groups deliberately organized to influence the cnrnculum. Other pres- 
sures^ often more Lbtle. come from other teachers parents, the press 
industries, and even the pupils themselves. Usually these mfluences 
are well intentioned and are actuated with a sme^e belief m the 
portance of the with the proposals. 

'ith:ierhrshoTd''evaluate them’^critically. looking tor those that 
iNonemeiess ne siiomu . obviously impractical, 

“d weighing t'L remainder ’against those that already have a place in 

the curriculum. 


ORGANIZING THE CONTENT OF A NEW PROGRAM 

. , r *1 .-.-(T'lniT'iHoii of scicncc content h.ave been 

A number of plans for “ ,f‘ The types that have persisted 

developed during the aJiiWlity of treatment. Intricate and 

are those that permit maximum ^ / 

highly formal outlines do not survive. 
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The following pages will describe some of the more common plans 
for organizing content and discuss their strengths and limitations. None 
is recommended as superior to the others. Accomplished teachers have 
had success with each. It is probable that there is no one superior plan, 
teaching being such an individual matter. 

The most important characteristic of any pattern of organization is 
flexibility. It is impossible to foretell the direction of pupil interests 
and the nature of the situations that will be encountered in the class- 
room. A teacher should be in a position to tahe maximum advantage 
of whatever arises-a newspaper clipping, an unusual bird nest, a 
burned-over field, or a water shortage. He should be able to adjust his 
program to the needs of the moment. 

It must be realized that flexibility is chiefly a state of mind on the 
part of the teacher. Some teachers, even given the most free and flexible 
program possible, will follow it blindly step by step. Other teachers 
>vin find ways to adapt any program to the needs of their pupils no 
matter how rigid it seems to be at first glimpse. 

However, some types of programs are easier to use effectively than 
others because of the type of organization. Programs composed of in- 
dependent sections are most flexible; their component parts may be 
taken up in any order as seems best for the occasion. Programs that 
are strictly sequential, with the outcomes of one section completely 
dependent upon what has gone before, cannot be altered conveniently 
if at all. 

Flexibility Is promoted by the use of short, discrete, and independent 
units. Such units may be presented in whatever order seems most 
effective at the time. Full advantage can be taken of seasonal mate- 
rials. Should an unexpected event occur, a relevant unit may be taken 
up immediately while interest is high. Should new material seem valu- 
able, it may be organized as a unit and substituted for a unit already 
in the program. 

A “minimum core” program promotes flexibility and guarantees free- 
dom to folloxv up special interests. The content of the “minimum core” 
is strictly limited to require not more than three-quarters of the time 
allotted to the program; commonly the minimum core may be even 
smaller. The remaining time is reserved to be used as seems most 
beneficial. New units may be introduced or parts of the minimum core 
may be expanded. 

Flc-xibility can be made a feature of the general science program with 
relative ease. The topics of general science are not closely related and 
each is introduced at such an elementary level that few prerequisites 
arc called for. The specialized sciences tend to be a bit less flexible 
than general science but, except in the case of chemistry, rigidity is due 
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more to tradition than to necessity. Even in chemistry the content has 
been organized according to several different though related patterns. 

Organization by major topics. From the early days of science teach- 
ing, it lias been customary to break up tlie science program into blocks 
which center about specific areas of science. Commonly the blocks are 
called “units” and are headed with such titles as “Fire,” “Water,” “In- 
sects,” and “Nutrition.” Below is the outline of a chemistry course or- 
ganized in this fashion: 

I. Early Chemistry 

II. Pioneers of Chemistry 

III. Physical and Chemical 
Changesj Elements, Com- 
pounds, Mixtures 

IV. Units of Measurement; 

Temperature and Heat 

V. Oxygen 

VI. Atoms and Symbols 

VII. Hydrogen 

VIII, Vmence, Formulas, Equa- 
tions 

IX. Water 

X. Chemical Calculations 

XI. Carbon and Carbon Di- 
oxide 

XII. Carbon Monoxide and 
Fuels 

XIII. Molecular Motions and 
Their Effects 

XIV. Combination by Weight 
and Volume 

Contrary to some of its critics, this form of organization can be used 
successfully. The material in each block lends itself well to the prob- 
lem-solving approach, and provides for the development of important 
knowledge and skills. 

Unfortunately it also lends itself to misuse, particularly by teachers 
who accept consciously or unconsciously the doctrine of mental dis- 
cipline. It is very easy with this type of organization to proceed rapidly 
to the study of abstractions, ignoring or minimizing commonplace ap- 
plications, and plumbing depths that are not justified by the time and 
facilities available. 

The following outline for an eighth ^de unit on water, developed 
by a student teacher, illustrates the ridiculous extremes to which this 
type of organization lends itself: 

" Hogg, John C. and Bickel. Charles L., Elementary General Chemistry. 

D. Van Nostrand Co., Inc., Princeton, N. 1945. 


X\^ Ionization m Solution 
XVI. Acids, and Saks 

XVII. Sulfur, Hydrogen Sulfide 
and Sulfides 

XVIII. Oxides and Oxygen Acids 
of Sulfur 

XIX. PeriodicClassifica"’U-‘ard 
Atomic Structure 
XX. Chlorine and Hydrogen 
Chloride 

XXI. The Halogen Family 

XXII. Nitrogen and the At- 
mosphere 

XXIII. Compounds of Nitrogen 

XXIV. Sodium and Its Com- 
pounds 

XXV. Typical Metals and Their 
Compounds 

XXVI. Organic Chemistry ^ 
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Water 

1. Physical properties: appearance; density; change of state. 

2. Water Pressure: relation to depth; direction; transmission. 

3. Buoyancy: cause; laws of floating and submerged bodies; effects 
of density. 

4. Water in motion: causes; nature of energy; energy-pressure rela- 
tions. 

5. Water as a solvent: solubility and insolubility; factors affecting 
solubility; saturation and supersaturation; crystallization. 

6. Composition of water: chemical formula; production of water; 
electrolysis of water. 

This student teacher was so concerned with treating the subject of 
water thoroughly that he forgot the nature of his pupils, the time avail- 
able to him, and the nature of the learning process. 

A second disadvantage of the use of broad topic headings becomes 
obvious when the units are fitted into the complete secondary school 
science program. The above unit on water was developed for the 
eighth grade. Any furdier study of water in subsequent years would 
tend to be repetitious. And yet that student teacher would not claim 
that the study of water should end with the eighth grade. 

Topic organization can be more successful if the content is limited 
by the use of more specific headings. The contents of a unit on water, 
from a general science text written in the early days of that subject, is 
shown below: 

UNIT 11. Water and how we use it 
Project V. Water in our homes 
Project VI. Water in the air 
Project VII. Water and the soil • 

Note that the headings of each “project” tend to limit the contents to 
reasonable confines. Note also that in terms of the over-all secoudaxy 
school science program, additional study of water is possible without 
repetition. 

Tlie use of major topic organization seems to be regaining popularity 
today after a number of years of disfavor. The New York State Gen- 
eral Science Syllabus, described on page 391 uses topic organization. 
The table of contents of a recent ninth grade general science text, 
given below, is also based on major topics: 

Unit 1. Man— As Scientist 
Unit 2. Lencthening Man’s Life 
Unit 3. Exploring the Earth and Space 
Unit 4. Understanding the Earths Weather 

• From Van Buskirk, E. F., and Smith, E. L.. The Science of Eicriidau Life. 
Iloughton-Mifflin, Boston, 1919. ' 
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Unit 5. Investigating the Earth's Storehouse 
Unit 6. Improving (he Worlds Food Supply 
Unit 7. Doing tile Worlds Work 
Unit 8. Improving tlie Exchange of Ideas ® 

The ^'major problem" pattern of organization. The Forty-sixth Year- 
book Committee of the National Society for the Study of Education 
makes the following recommendation: 

1. Content should be organized into large areas or units, each of which 
represents some major problem of living, area of human experience, 
or aspect of environment. 

2. The content of any single area or unit should be broken down into 
smaller learning problems which have interest, significance, or use- 
fulness to the learner. 


This type of organization was designed to give young people a broad 
view of the purpose of their study. It was developed to replace the 
abuses of the topic method of organization. The school of thought rep- 
resented by it is the same as that responsible for the Thirty-first Year- 
book. 

Many textbooks and courses of study have been organized on the 
major-problem basis. The table of contents of a seventh grade general 
science book written in the 1930’s is given on pages 400-401. This table 
of contents illustrates both the strengths and weakness of the pattern. 

Foremost among the strengths is the informal, natural approach to 
the study of science. The material treated lies within the experience 
of the pupils. Few abstractions are introduced. The breakdown into 
sub-problems is worthy of study. Pupils think in terms of small prob- 
lems. They are apt to be discouraged by problems that require several 
weeks for solution. 

There have been two unfortunate abuses of the major-problem pat- 
tern of organization. The major problems chosen often represent areas 
that should be treated through several years of the secondary school 
program. Unit eleven, for instance, deals with a subject that merits 
attention throughout the secondary science program. Any further work, 
however, would tend to be repetitious. Unit Seven, How Do Magnets 
Work? is a much more satisfactory choice of unit heading. 

A second unfortunate outcome of the major-problem pattern of or- 
ganization is the assumption by teachers that because the program 
headings are stated as questions tlie problem method of teaching is 
being used. Nothing may be farther from the truth. 


® From Branclwein, P. F., 
A. E., You and Science; 
York, 1955. 


Beck, A. D., Hollingsworth, L. G., and Burgress, 
Science for Better Living, Harcourt, Brace, New 
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TABLE OF CONTENTS OF A SEVENTH GRADE 
GENERAL SCIENCE TEXT * 

Unit 1: How Do Scientists Make Discoveries? 

Problem 1j How do scientists find problems? 

Problem 2: How do scientists solve problems? 

Problem 3; How have scientific instruments helped scientists solve 
problems? 

Unit 2; What Kind of World Do You Live In? 

Problem 1; What conditions surround us on earth? 

Problem 2: What materials do we find in our world? 

Problem 3: What living neighbors do we have? 

Problem 4: What noturai forces do we use? 

Problem 5: What kind of body does man have? 

Unit 3s What is a Material? 

Problem 1: How are oil moterials alike? 

Problem 2: What ore solids, liquids ond goses? 

Problem 3: What is a solution? 

Problem 4: How ore materials put together? 

Unit 4s How Do Heating and Cooling Change Moteriols? 

Problem 1*. How do heoting and cooling thonge the site of 
moteriols? 

Problem 2: What effect does heating hove upon the state of matter? 
Problem 3: What happens to materials when they ore cooled? 
Problem 4: How con we explain how heat effects matter? 

■Onit 5: How Con One Kind oT ^ubstonce Change into Another Kind? 
Problem 1: What ore materials made of? 

Problem 2; How can we recogniie a chemical chonge? 

Problem 3: How can we control chemical changes? 

Problem 4s What are two kinds of simple chemical changes? 

Unit 6: How Do We Use and Control Fire? 

Problem Is What happens when things burn? 

Problem 2; How do we moke fire? 

Problem 3s How do we regulate fire? 

Problem 4: How do we prevent and extinguish accidental fires? 
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Unit 7: How Do Magnets Work? 

Problem 1: What will a magnet do? 

Problem 2: How can we moke magnet:? 

Problem 3: Why do magnetic compaiws tell airection? 

Problem 4: How is magnetism explained? 

Unit 8: How are Plants and Animals Alike? 

Problem 1: How are plonts and animals alike in what 
Problem 2: What chemical substances are living things made of? 
Problem 3i How are plants like animals m the way they are p 
together? 

Unit 9: How Do Plants and Animals Get Food? 

Problem 1: How do animals get food? 

Problem 2i How do green plants get food? 

Problem 3i How do plants that ore not green get food? 

Problem 4i How do plants make food? 

Unit 10: Why Do We Eat Different Kinds of Food? 

ssi: ;; - *. 

Problem 3: How ton we select our foods wisely? 

Unit 11: How Do Plants ond Animals Live Together? 

Problem 1: How do plants and 

• J hv maior problem* and sub-problem*. 
•An illustration of a progrom jfc. Mayfield, end J. Y. West. 

(From Science Problems, book One, vy ■ 

Ltt. Foresman and Co., Chicago. 1938.) 


1, j f tnachtae makes use of problems that are 
The problem method The teacher may set Ure stage 

recognized by the pupds a problem, but pupils must 

for' a problem or may help pupus vm .g^ctive. 
accept a problem as “^nts we see that many of the ques- 

Lookiug again at the f problems. The quesUon 

tions do not by themselves represent p p i 
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“How is the balance of life maintained?" is not of the type that chal- 
lenges seventh grade boys and girls. The question How can we make 
magnets?” is one that is much more readily accepted, but there are too 
few of these. For all practical purposes most of the headings might as 
well be stated in declarative form-“The Effect of Heating and Cooling 
Materials” and “How We Regulate Fire.” 

The program maker may avoid some of the weaknesses that have 
been discussed by using the major problems as themes that run 
throughout the Uvelve years of schooling. His unit headings then be- 
come sub-problems. These sub-problems should be chosen so they do 
not duplicate each other within the secondary school program. 

Organization on the basis of field experiences. Nature study courses 
taught during the early part of this century were sometimes based com- 
pletely upon field work. Each new trip provided the content for the 
follow-up classroom work. The program was dictated by the trips that 
were possible and by the material that was available at the time of the 
trips. Far from being haphazard, these courses were often highly effec- 
tive. In the hands of a teacher who knew his local environment well 
the program could be orderly and welbbalanced. 

Earth science, biology and ecology courses lend themselves to this 
type of organization. Experimentation may reveal that other sciences 
might be centered about field experiences equally well. 

Organization about laboratory experiences. 

“My physics course is just one long bboratory period,” is the way 
Mr. Sweetwater describes his program. “The pupils begin with experi- 
ments the first day and continue with them until the end of the year.” 

Mr. Sweetwater’s program is built around laboratory work. Each of 
the nearly two hundred required experiments presents a problem for 
the pupils to solve. Some problems are simple, some are complex. 
Pupils are expected to master each in turn. 

His program is reminiscent of some of the individualized programs 
of the 1920 s. Pupils work at their own rate. Each individual is ex- 
pected to set up the apparatus for an experiment, perform the proper 
manipulations himself, and collect his o\vn data. He must satisfy Mr. 
Sweetwater in a personal conference that he has mastered the problem. 
Only tlien may he undertake the next problem. 

A similarly organized course in ninth grade electricity is described 
on page 116. The individual pupils are presented with a series of 
tasks, each of which must be mastered in turn. It is important to note 
that the tasks in\’olve actual materials and are not basically bookish in 
nature. 
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SETTING UP A SIX-YEAR SCIENCE PROGRAM 

A school may offer sis years of science courses without offering a six- 
ycar science program. A program, by the very meaning of the word, 
has unity of purpose, unity of approach, and 

In the si,s-year science program a pupil is provided with a carefu y 
developed sequence of esperiences. He does not repeat 
save as he wishes, but he reviews his understandings ^ 

tering situations that are similar to situations he has 
fore. His understandings are continually deepened and broadened 
he finds himself in increasingly complex eooperation of all 

The six-year Jee as to the purpose of 

teachers “"cerned. Thcs^eacl mrs 

myrusrlmh tei; togedier\hroughout the entire planning 

process. 


process. 

Establishing the baekgroomls o^thej^upds^ An 

of the experiences that pupils have science program. The 

school is useful in planning the J repeLd. It also 

inventory indicates experience j j to during classroom dis- 
indicates experiences that may be relerreu 

cussions. * •’ 


jussions. of pupils than to inventory 

It is easier to inventory ‘‘'c ® P obtained by investigating the 

their learnings, The former m y -Hence program. The latter 
activities used in the elementary s information of little 

must be obtained from verbal tests ana m y g 

value to the program maker. „.Hcipate in the planning of the 

Secondary school teachers \ ^ ..gj understanding of that pro- 

elementary school program gam jj jjo complete it. 

gram and what may be expected of pupds w 

.v onanop.il in 


^ram and what may ne i , t • ^ 

1 Q hnnl sustem is engaged m planning a 
The Fayetteville-Manlius Centra c . gig„ientarij teachers, assisted 

twelve-year science program. consultants, are preparing the ele- 

by secondary school science teac cr portion is complete, the second- 
mentary portion of program upon it. 

ary school teachers will build V 

■DlrsnnintT ( 


^ '' QPn Planning on the basis of ex- 

Establishing sequence in 'ba P'”®' „ear program as for buiiding 
periences is as helpful “'^uences of experiences helps re- 

a one-year program. Setting up s^- g„,vtli 

duce omissions and unnecessary r p situations. 

through the use of increasing y * jjing suggestions for pupil ac- 
Procedures for collecting and organizmg 
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tivities into a program are described on page 391. For the six-year 
program the suggestions must be more numerous and should have a 
greater range of complexity. 

To provide a framework on which the activity suggestions may be 
organized it is helpful to choose a number of science areas tliat are to 
be developed concurrently through the program. Several areas that 
may be used are listed below: 

1. 2. 3. 


Animal anatomy and 
physiology 
Plant anatomy and 
physiology 
Nature of the hu- 
man body 
Maintaining health 
Practicing safety 
Animal reproduction 
Plant reproduction 
Inheritance 
Evolution 

Interdependence of 
living things 
Economic biology 
Conservation or liv- 
ing things 


Nature of the earth 
Rocks, minerals and 
soils 

Crustal movements 
Erosional processes 
Earth history 
The almospnere 
Season and climate 
Weather 

Time, place and di- 
rection 
Astronomy 


Mechanical energy 
Machines 

Mechanics of gases 
Mechanics of liquids 
Radiant energy 
Heat 
Sound 
Electricity 
Magnetism 
Nature of matter 
Physical changes 
Chemical changes 


Sets of experiences in the area of electricity and magnetism may be 
allocated to the several courses that make up a secondary school 
science program as shown below: 


Course 

Seventh grade science 
Eighth grade science 
Ninth grade science 
Biology 

Physical science 
Earth science 

Chemistry 

Physics 


Sets of experiences 
Simple circuits, switches and fuses 
Magnets and electromagnets 
Production of electrical energy 
Reactions of organisms to electricity 
Electricity in homes and automobiles 
Earth's magnetic field and atmospheric 
electricity 
Electrochemistry 

Electrical and magnetic theory applied. 


In two courses, biology and earth science, there are not enough suit- 
able activities to warrant full units but the activities may be made 
part of other units without changing the fact that a sequence has been 
preserved. In the other courses there are sufficient numbers of pos- 
sible experiences to warrant full units. 

This sequence on electricity and magentism shows a progressive 
development in complexity from tire seventh grade onward to the 
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terminal course. There are no repetitions of experiences and little 
chance for serious omissions, and the work of one course builds directly 
on the work of preceding courses. 

The New York General Science Course of 1956, already described 
on page 391, illustrates how a sequence is established by the use of 
content areas. Ten areas of science, shown in Table 13, were selected 
to be developed tlirough the junior high school years. Sets of activities 
were allocated to each area for each grade and units were developed 
about these activities. 

Area Grade seven Grade eight Grade nine 

Nature of Living The Living Plant and Ani- Tiny Plants 

Things Things mal Habitats and Animals 

Around Us 

The Human Taking Care of Foods and How The Body in 

Body Ourselves We Use Action 

Them 

Electricity and Electric Magnets at Electricity at 

Magnetism Circuits Work Work 

Machines Overcoming How Airplanes Travelling on 

Gravity and Fly Wheels 

Friction 

Chemical Fire Working S^'fely Chemical 

Changes with Chemi- Changes in 

cals Everyday 

Life 


Radiant Energy 

Making Use of 
Light 

Sunlight and 
Green Plants 

Living with the 
Atom 

The Atmosphere 

Air at Work 

Living in an 
Ocean of Air 

Weather and 
Climate 

Things in the 

Sky 

The Change of 
Seasons 

Neighbors of 
the Earth 

Keeping Time 
and Locat- 
ing Places 

Things of the 
Earth 

Natural and 
Artificial 

Rocks 

Changes in the 
Earth’s Sur- 
face 

Water and Its 
Uses 

How Living 
Things Main- 
tain Them- 
selves 

Flowers and 
Seeds 

Life Cycles of 
Animals 

Conserving 
Forests and 
Wild Life 

TABLE 1 3. Organization of the New York State General Science Sylla- 
bus, showing the sequence of units from grade to grade. 

It will be noticed that each unit in a sequence is somewhat more 
complex than the unit immediately preceding it and that in general a 
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unit builds upon previous units of a sequence. Experiences of one unit 
are not repeated in the next but there are opportunities for review of 
understandings as related situations are introduced. 

"Double and triple track" programs. A single science program cannot 
take advantage of all the range of interests and aptitudes in a school. 
Even with “ability grouping” and with all possible provision for indi- 
vidual differences, a single general science program is still a single 
program designed neither for the academically brilliant or the academi- 
cally retarded. The senior high school program as usually offered is 
made up only of courses designed for pupils with high scientific apti- 
tudes. Were the senior high school program redesigned for the ma- 
jority of the pupils, the extremes would still be neglected. 

One solution to the problem as attempted by some school systems 
is the development of two programs, each with its own sequence of 
courses. One program is designed for pupils with high scientific apti- 
tudes. It anticipates that these pupils will continue their study of 
science in colleges and universities. The other program is designed 
for the great majority of pupils and is looked upon as terminal. Some 
authorities recommend the development of still a third program for 
the academically retarded, not a course designed for the feeble-minded 
but one that puts almost complete emphasis upon firsthand experiences 
and project work. 

There are serious administrative difficulties in adopting “multiple 
track” programs. Small schools do not have the staff or facilities to 
handle two programs. In any school the problem of scheduling classes 
can be enormous. However, “multiple track” programs may be an 
answer to the problem of giving more pupils science training of a type 
suited for them. The New York State Education Department is encour- 
the use of double track” programs by preparing special syl- 
labuses to meet the needs ol local program makers. 

The chart below gives two possible sequences of courses based upon 
the New York State syllabuses. 

Non-academic 


Grade 

program 

Academic program 

Seven 

General science 

General science 

Eight 

General science 

General science 

Nine 

General science 

Earth science 

Ten 

Biological science 

General biology 

Eleven 

Physical science 

General chemistry 

Twelve 

Earth science 

General physics 


For the high aptitude groups the usual ihree-year general science pro- 
gram is concentrated into two years. This is done, not by covering 
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the same amount of material in less time, but by judicious deletions. 
Material which the pupils undoubtedly mastered in the elementary 
school or through extra reading is omitted. Material dealing with earth 
science is deferred to the ninth grade earth science course. The pro- 
posed two-year general science program shown below is based upon 
the sequence given in Table 13, to permit pupils with superior science 
aptitudes to elect earth science in the ninth grade. 


Grade seven 

1. The living things around us 

2. Taking care of ourselves * 

3. Electric circuits * 

4. Overcoming gravity and fric- 

tion 

5. Fire 

6. Making use of light 

7. Living in an ocean of air * 

8. Water and its uses 

9. Flowers and seeds 

10. Life cycles in animak 


Grade eight 

1. Plant and animal habitats 

2. The body in action 

3. Electricity at work 

4. Travelling on wheels 

5. Common chemical changes 

6. Living with the atom 

7. How airplanes fly 

8. Conserving natural re- 

sources • 

9. Sunlight and green plants 

10. Tiny plants and animals 


Unit modifled to include portions of other units in same sequence. 


The four specialized sciences offered to the pupils with high scientific 
aptitudes are the traditional academic courses that have long been 
given in New York State schools. 

The standard program, designed for the bulk of the pupils, begins 
with a three-year general science program. In the senior high school, 
pupils may elect a biology course that is less academic than the tradi- 
tional course, a physical science course that fuses the less academic 
phases of general physics and general chemistry, and earth science, 
which has always been considered the least rigorous of the usual 
electives. 

It is also possible to provide a third program based upon these syl- 
labuses, a program for pupils who are seriously retarded readers but 
who are not unintelligent. The first two years of the general science 
program may be distributed over three years in order to provide more 
time for firsthand experiences and manipulative work. Of the remain- 
ing material the less academic and more practical phases may then be 
organized into an advanced general science elective course for the 
senior high school years. Such a program is shown on page 408. 

Teachers who are planning double or triple track programs should 
be careful not to think solely in terms of subject matter. TJiere arc 
problems of experience background, interests, and social maturity that 
must be taken into consideration along with aptitude. Half a standard 
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* A program modified to permit the use of more firsthand e>perien«es ond monipulalive ocHyttiot. Mueh of if 
sighth ond ninth grades can be put in on odvanced generol science efective course, (based on Table 13.) 
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physics course is no better for the non-academic minded pupil than is 
the whole course. And an eighth grade pupil with an inferior experi- 
ence background will benefit little from the standard physics course 
even if he has very high aptitude. All special courses should be planned 
in terms of the pupils and what will bring them maximum benefit. 


Suggested activities 

1. Analyze a textbook as a course of study, looking for flexibility, 
adaptability to local situations, and appropriateness to grade level. 
What changes— additions, deletions and reorganization— might you 
make to fit the program to a specific teaching situation? 

2. Examine a state or local course of study. Note the presence or 
absence of such features as seasonal arrangement, use of local resources 
and the like. What changes might you make in the organization to 
make it more effective? 

3. Make a file of local teaching resources for the school in which 
you will do your cadet teaching. List possible field trips, outside au- 
thorities who may be called upon for help, occupations in which parents 
are likely to be engaged, and situations with which pupils are probably 
familiar. 

4. Analyze the activities suggested by a textbook. In what percent- 
age of the suggestions are the outcomes given directly or implied? 
Which of the activities encourage independent thinking? What sugges- 
tions may be modified to encourage independent thinking? 

Suggested readings 

Hall, Carrol G., “Learning Tours for Chemistry Students,” The Science 
Teacher, February, 1950. 

Peddiwell, J. A., The Saber Tooth Curriculum, McGraw-Hill, New 
York, 1939, pages 24-44. 

A Frogrom for Teaching Science, Thirty-first Yearbook of the National 
Society for the Study of Education, Public School Publishing Com- 
pany, Bloomington, III., 1932. 

Taylor, Wayne, “Industrial and Technological Resources Aid Science 
Teaching,” The Science Teacher, March, 1951. 
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chapter 16 I This course is the hardest one 
ever took but 1 like it.” “/ onhj got a C but it's my own fault; I should have 
icorkcd harder, ties strict but he's a wonderful teacher.” "It's a good 
course. You have to work hard but you learn a lot.” 

Frequently heard comments such as these indicate that pupils like 
courses for which they have respect. They do not object to hard work 
providing they know they have chances for success, It is when they 
recognize that their chances for success are slim or nonexistent that 
they slum difficult courses. 

Science teachers are faced with the problem of setting standards that 
make tlieir courses challenging, without automatically failing large 
numbers of pupils. This country cannot afford a highly selective proc- 
css that frightens all but a few from work in scientific fields. Neither 
can It afford mass education processes that hold all pupils to mediocre 
s andards. A weak compromise has no place. What schools need are 
standards that are broadly conceived and applicable to the great range 
of pupils in the schools. fab 


STANDARDS IN COMMON USE 

For a number of years secondary sdiool teachers have been at the focal 
point of much sharp criticism. Tliey have been accused of lowering 
their standards and at the same time Uiey have been accused of not 
attracting enough young people into scientific occupations. Many of 
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the criticisms are not based upon sound evidence. They are based 
upon opinions and upon vague recollections of conditions that existed 
twenty or more years ago. Actually, the record of science teachers has 
been good, though not as good as could be wished. A larger per- 
centage of each age group is electing science courses today than ever 
before. Each generation of young people is better informed about 
science than the one before it. And judging by the quality of exhibits 
in science fairs, the achievements of the best of today’s product will 
equal if not surpass those of yesterday’s best. 

Many of the criticisms have been inevitable and are the result of 
changing conditions. A few decades ago secondary schools were con- 
cerned chiefly with jireparation for college. Today, secondary schools 
recognize an obligation to the large numbers of pupils who will not 
attend college. The change in emphasis, as might be expected, is 
lamented by college professors. 

In addition, colleges today use a much broader base for determin- 
ing admission qualifications than was used a few decades ago. As a 
result, college professors must work with a less homogeneous student 
body than they are accustomed to. They mistakenly attribute the 
change to the preparation their students have received in secondary 
schools. 

A third factor that has resulted in criticism specifically directed at 
science teachers has entered the picture because of the expanding 
nature of the science field. In physics, for instance, time that could 
once be given to the solution of problems in mechanics must now be 
shared with a study of nuclear energy; the topic of internal combus- 
tion engines, once limited to gasoline engines, must now include 
Diesel engines, gas turbines, jet engines and rockets. In consequence, 
pupils in physics today have a less intensive training but a broader one. 

Among the more justifiable complaints are those that concern the 
neglect of highly gihed pupils. As teachers have found themselves 
faced with pupils of increasing diversity in ability, they have allowed 
themselves to concentrate upon the pupils who presented the greatest 
problems. Pupils who could do the required work satisfactorily have 
received little attention. 

Maximum standards. The work of secondary school pupils is usually 
judged by a narrow set of academic standards of the type that may be 
called “maximum” standards. These standards are set above the ability 
levels of all but the most able pupils and in consequence most pupils 
fall short of these standards. However, because teachers do not expect 
these standards to be attained, they accept as satisfactory a little less 
than the maximum. 
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Maximvwn standards operate successfully in relatively homogeneous 
groups. By accepting as satisfactory those achievements that represent 
60 or 70 percent of the maximum, teachers make it possible for all 
pupils in the group to succeed. Slight differences in ability can be 
compensated for by extra effort and all pupils are in competition with 
each other. 

However, as the ability range widens, maximum standards become 
less workable. In a group having a normal distribution of academic 
abilities, as represented by IQ's ranging from 80 to 130, as much as 
half the group fails automatically if the maximum standards are based 
on the ability of the most able pupils. There is then no incentive for 
large numbers of pupils. Competition is limited to the few most able 
individuals. 

The strict application of maximum standards to heterogeneous groups 
has resulted in so many failures that science teachers have attempted 
compromises which have not been satisfactory. For one thing, they 
have tried lowering the level of the maximum enough to permit most 
pupils to succeed. The results have been unfortunate. The more able 
pupils are now without challenge; they can attain success without 
effort. They feel contempt for their courses and find no satisfaction, in 
their high grades. 

As another compromise, teachers have attempted to apply the normal 
distribution curve to the grades they give, thus insuring fixed per- 
centages of high, low, and medium grades. Some injustices have been 
eliminated, automatic failure for one. On the other hand, new in- 
justices have been introduced; no matter how hard a group works, or 
how little it does, the same number of pupils pass and fail. 

Marking on a curve,” as it is called, is not sound statistically or in 
principle. The curve of normal distribution has statistical reliability 
only when applied to groups of several Ivuudseds-, its appUeatiou to 
groups of thirty is ridiculous. Such marking eliminates in effect all 
standards; pupils have no definite objectives to work toward and no 
feeling of accomplishment; teachers have nothing by which to judge 
the effectiveness of their teaching and no incentive to make superior 
presentations. 

Minimum standards. In some types of training, the standards that are 
set call for the complete attainment of all objectives. Since these ob- 
jectives must lie within the ability range of all individuals concerned, 
the standards are of a minimum nature. Minimum standards are uti- 
lized in adult driver education courses; a student must become profi- 
cient in each riualificalion to pass; his achievement Is not satisfactory 
if he applies the brakes properly only sixty percent of the time; he 
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cannot offset a lack of knowledge of tra6Sc laws by superior perform- 
ance at the wheel. 

Minimum standards deny success to no one except the lazy, the in- 
different, and the truly incompetent They provide definite objectives 
towards which to work and from which a sense of accomplishment 
can be attained. Minimum standards put no ceiling on the work of 
superior individuals, but they do fail to give these last proper guidance 
in their work above the minimum. 

Minimum standards could be used more extensively in the science 
program. There are a number of knowledges and skills, particularly 
in the areas of health and safely, that may be considered essential. 
These could be used in setting up minimum requirements that must 
be mastered for success. 

Multiple standards. Teachers of vocational subjects commonly set up 
several sets of standards to operate in parallel, thus enabling a pupil’s 
strengths to compensate for bis weaknesses. A teacher of typing, for 
instance, has standards to judge proficiency with the typewriter, skills 
with handbooks and dictionaries, usage of grammar and punctuation, 
spelling ability, and ability to organize typed material. A teacher of 
vocational agriculture has standards to judge knowledge of theories 
and practices, skills with tools and equipment, ability to keep records, 
and success with project work. 

Multiple standards are used to a b’mited extent in the academic 
phases of the science program but they could be applied much more 
broadly and much more extensively. Science is as broad a field as 
the vocational subjects, and there should be a place in it for a great 
range of abilities and talents. There should be standards to judge the 
acquisition of facts, standards to judge ability to communicate science 
understandings, standards to judge skills with science equipment, 
standards to judge abilities to keep records and use handbooks and 
tables, and standards to judge success with projects. 

MAINTAINING STANDARDS 

As has been shown, the problem of selling standards is particularly 
difficult for heterogeneous groups. As long as groups are relatively 
homogeneous, traditional maximum standards operate satisfactorily. 

It is for such subjects as general sdcnce, which lake in all pupils, 
that new solutions are needed. 

Using composite standards for heterogeneous groups. If scienre 
classes could be kept small and class loads light, the use of multiple 
standards wonld give an escellcnt solution to the problem ol slandards. 
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Each pupil could develop his special talents to the utmost and at the 
same time be credited for his successes. He would be able to explore 
his interests and abilities and emerge with an honest appraisal of him- 
self, neither deflated for having failed to meet a narrow set of stand- 
ards, nor inflated for having found success under ridiculously low 
standards. 

With multiple standards there would be no necessity for lowering 
standards to reduce failures. Pupils who could not succeed in one way 
could find success in another. All standards could be kept high. Un- 
fortunately, multiple standards require a free program and close 
supervision. Each pupil must be judged separately and on his own 
merits. With typical classes, science teachers do not have the time 
to use multiple standards exclusively. 

Some of the advantages of multiple standards can be retained by 
using composites of two or more types of standards. 

For many years Mr. hanger has utilized a composite of minimum standards 
and multiple standards in his general science classes. For each unit he lists 
a number of requirements which each pupil must fulfil completely. These 
requirements include facts to be learned, experiments to be carried out, 
reports to be written, and home assignments to be completed. Mr. hanger 
accepts no substitutes and does not deviate from the standards he sets for 
these requirements. 

As soon as a pupil completes a minimum requirement, Mr. hanger en- 
courages him to undertake additional assignments. Mr. hanger provides 
lists of suggestions from which pupils may choose. He also encourages his 
pupils to make their own suggestions, although he retains the power of 
veto. Mr. hanger gioes full credit for all additional work and sets no limits 
to the amount that may be done. 

Composite standards of the type used by Mr. Langer are both just 
and practical. The minimum requirements need but little supervision, 
leaving the teacher free to give individual help and encouragement as 
pupils complete their tasks. Classroom techniques need but little alter- 
ation save that more time is given for independent and small group 
work than is customary in the conventional program. A large share 
of the additional work is done outside school hours and requires little 
class time. Finally, the pupils recognize the basis for their grades and 
approve of it. 

Setting minimum standards for heterogeneous groups. Minimum 
standards represent the very least that can be accepted as satisfactory. 

To be applicable, minimum standards should be within the abilities 
of all pupils. To be practical tliey should apply quickly and readily. 
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To be useful, they should apply to the type of work that challenges 
pupils. 

Minimum standards fall generally into two categories. There are 
those that are satisfied by the mere completion of a task, as when a 
teacher requires each pupil to carry out a specified laboratory exercise. 
There are those that can be satisfied only by the display of some degree 
of proficiency, as when a teacher requires a legible and well-organized 
report of an experiment. 

The second category of standards is concerned with knowledge and 
skills and is generally considered as more appropriate for the science 
program. However, the first category has usefulness in setting up 
minimum standards. After all, there can be value in merely doing 
things; laboratory exercises can be challenging even though required; 
diagram making can allow self-e.xpression even though based on a 
chart; tables can be filled in with interesting data even though the data 
is taken from assigned readings. 

Minimum standards applied to the acquisition of facts and under- 
standings should be selected with the three levels of learning in mind— 
the mastery, recall, and recognition levels. Pupils should be expected 
to master only such material as is important enough to justify the 
special time and effort involved. Other material should be dealt with 
on the lower levels and judged appropriately. 

There are a number of sources of help in setting minimum standards 
for factual learnings. Textbooks and courses of study list information 
commonly considered important. Tests represent another source of 
ideas. However, since these sources do not apply closely to any one 
situation, the teacher should consider tJiem as suggestive only. 

Under a strict interpretation of minimum standards each pupil 
should gain all required learnings to do satisfactory work; he should at- 
tain a perfect score on each lest measuring minimum essentials. In 
practice, insistence upon perfect test scores is not realistic; scores a 
little short of perfection may be accepted. 

Textbooks, courses of study, and laboratory manuals provide help 
in determining uniform assignments. Every effort should be used to 
keep tliese assignments from being routine and boring; challenging 
problems should be used whenever possible. 

For those assignments that need only to be done to represent sat- 
isfactory work, there is no problem of setting standards; checkmarks 
on a checklist show whether or not pupils have met the minimum stand- 
ards. If skills are to ho developed, however, criteria for judging them 
should be set up ahead of time and announced to the pupils so that 
they have opportunities to practice these skills. Likewise, when reports 
and papers arc to be prepared, pupils should be told frequently what 
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is expected of them so that they may have the points in mind as they 
work. 

Helping pupils attain minimum standards. Once a requirement has 
been announced it is imperative that all pupils be held to the require- 
ment lest they lose respect for both course and teacher. Threats and 
punishments, however, are poor stimuli; pupils respond better to en- 
couragement, to help, and especially to success. 

Frequent small tests used for review and drill are of great help in 
bringing all pupils up to the same level of knowledge. 

Mr. Baker gave a ten-question review test dealing with cell structure. He 
made note of the most frequently missed questions and included these in a 
test a few days later. As the year progressed he occasionally included one 
or more of these same questions in tests until he was certain that all pupils 
could answer them. 

The practice of repeating questions until all pupils have learned 
them is useful for teachers who are preparing pupils for the New York 
State Regents examinations and other standardized examinations. 
Teachers have found that by using rivo or three sliort tests weekly 
they insure success on the examinations and have the remainder of 
their class time for working towards broader goals. 

It is well to allot a certain amount of class time for the beginning 
phases of all uniform assignments. During this time the teacher is free 
to move from pupil to pupil, interpreting directions, clearing up mis- 
understandings, and indicating the standards he expects the pupils to 
meet. Should it be necessary for the pupils to complete their assign- 
ments out of class, they work with more assurance for having had 
supervision at the beginning. 

Class time may be allotted for make-up sessions to bring all pupils 
up to the same level of achievement. 

Half way through the general science period Miss Lobdell made an an- 
uouncement. 

Toiuorrou;, she said, 'T will caUcct your notebooks and look over the 
section on weather prediction. Let’s take some time now to see if you have 
all your required work.” 

As soon as the notebooks were opened she continued, “First you should 
have a title page, \Vc worked on that last week. Next you should have a 
table of contents. I will give you time to make that later this period.” 

Miss Lobdell continued to specify precisely the titles and order of the 
pages she had required the pupils to make in their notebooks. She also 
^u^ested the most suitable locations for the various types of optional work 
many of the pupils hnti done. 
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“And now” Miss Lobdell concluded, “you may use the remainder of the 
period to prepare the table of contents and complete any unfinished work. 
Some of you may find it necessary to do some work at home tonight.” 

Pupils who have lost time because of sickness should be given special 
opportunities to make up their work. When possible this work should 
be done under supervision, perhaps during a free period, or during 
the class period while others are doing optional work. Commonly other 
pupils are qualified to help a classmate set up experiments or review 
for a test. 

In any group there are apt to be pupils who do not do the work ex- 
pected of them, usually because of lack of interest. Though the teacher 
should always try to use positive motivation there are tirries when 
these pupils must be compelled to do their work. 

Compulsory make-up sessions are generally necessary, pie^ciably 
at times inconvenient to the pupils. School policy varies as to when 
make-up sessions may be held but there is usually some provision for 
them. Teachers should treat make-up sessions as devices to help 
pupils pass their courses rather than as punisliment. Threats to “keep 
pupils after school” do not frighten many pupils and may but make 
them more stubborn. Much more effective is a polite request to ap- 
pear at a certain time for help in catching up with the others in tlic 
class. 

During a make-up session pupils usually need a brief review of the 
requirements. They may have forgotten the assignment even if they 
were listening when it was made. They need the same help in begin- 
ning their work as they would have needed in cl.ass time. 

Encouraging work beyond the minimum. After pujiiils have met the 
minimum standards that have been set for (he class as a whole any 
further work they may do should be of a permissive nature. TJiis docs 
not mean that pupils may work or not as they please, but that they may 
choose the nature of the assignments they undertake. TIius tiicro is 
opportunity for them to follow up special interests. 

Uniform standards cannot be applied easily to permissive work; each 
case must be judged on its own merits rather than by comparison with 
what other pupils do. Rating is best done on a positive b;isis with 
pupils receiving credit for their achievements without penalty for 
weaknesses. 

Special achievements fall in the following categories: 

1. Superior work on required assignments. For example, all j>«pii< 
have been asked to study vegetative reproduction u.sing texlIxKjks. 
films, and experiments, reporting their findings in llieir notdxwks. 

One girl illustrated her report with clippings, colored thuwu.gs, and 
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diagrams giving more than fifty different examples of this type of 
reproduction. 

2. Investigation in depth of a required topic. For example, all pupils 
were directed to make a study of the operation of a standard automo- 
bile engine, learning the function and operation of the major parts. 
One boy became interested in the fuel injection system of his fathers 
automobile and studied it thoroughly. He read advertising literature, 
talked with mechanics, and studied the maintenance manual used in 
garages for the repair of this type of engine. He described his findings 
to the class, illustrating his talk with a chart borrowed from a sales 
agency. 

3. Acceptable work on a permissive assignment. A chemistry 
teacher listed a number of demonstration experiments in the field of 
electro-chemistry. He asked each pupil to choose one demonstration- 
experiment from the list, or to suggest another, and to work up the 
demonstration for presentation to the class. Each pupil received a 
grade for his eEorts. 

4. Voluntary work on suggested projects. During a study of tone 
quality a physics teacher called attention to the difference in quality 
of the several reed instruments and suggested that some pupil might 
bo interested in comparing the structure of these instruments. One girl, 
who played the clarinet in the high school band, volunteered to under- 
take this study, 

5. Voluntarij services. For example, a general science teacher took 
a photograph of a class project. Two pupils volunteered to prepare 
enough enlargements so that each pupil in the class could have a print. 

6. Independent tcork on teacher-approved projects. A pupil read 
of a way to make rayon fibers from filter paper using only simple appa- 
ratus. He asked his chemistry teacher if he could undertake this proj- 
ect The teacher not only gave permission but also allowed him to 
begin the project during the regular class period. 

7. Coinplcichj independent work. An eighth grade girl had learned 
to make blueprints of leaves in a summer camp. She continued work on 
her collection during the summer and into the fall. When her science 
teacher heard of her work he asked her to exhibit her collection and 
describe her procedures. 

8. Shared experiences. A seventh grade boy watching television 
saw an experiment with magnets and iron filings in water. He tried 
the e.xpcrimcnt at home and asked his science teacher if he could 
show the e.xpcriment to the class. 

9. Shared materials. While on a trip into nearby mountains a boy 
collected several books ’ of mica. He gave several sheets to each 
pupil in his class so that the structure could be examined closely. 
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Teachers must expect to provide time and facilities for permissive 
work just as they provide time and facilities for uniform assignments. 
During part of a period pupils may be working towards minimum ob- 
jectives; during the remainder of the period they may be working on 
* permissive assignments. Some homework assignments may be directed 
towards meeting minimum objectives; others may be completely per- 
missive in nature. 

All pupils should be expected to do some work beyond the minimum. 
Even seriously handicapped pupils who find minimum requirements 
too much for them can do additional work, usually of a non-academic 
nature. In many cases teachers may find it necessary to provide sug- 
gestions and even specific directions. 

Pupils need special recognition for all work they do above the 
minimum. Grades are inadequate measures at best and difficult to 
explain to pupils. Merited praise from the teacher and opportunities 
to display achievements to other pupils are usually sufficient. Superior 
work can be acknowledged through special displays, radio and news- 
paper publicity, and competition in science fairs. 

Evaluating work beyond the minimum. All permissive work should 
be given credit toward the final grades of pupils. However, because 
uniform standards cannot be applied, a teacher must judge each item 
separately and subjectively. If he evaluates only on a positive basis, 
giving credit for accomplishments, it is not likely that he will be unfair 
to individual pupils. 

Learnings above the minimum requirements can be measured in 
part by suitably designed tests. One form of test is constructed with 
two parts, the first measuring mastery of the minimum requirements 
and the second part, which allows choice of questions to be answered, 
measuring learnings above the minimum. A variant on this form of 
test uses bonus questions which a pupil may choose to answer if he 
feels he can earn extra credit. 

Tests may be constructed with a broad range of questions so that 
pupils who liave explored special fields may find material they ha\c 
studied. With such a test a satisfactory grade may be represented by 
a score of fifty or sixty percent of the total. Greater achievement is 
represented by higher scores. 

Pupils may volunteer to take tests for c.\tra credit. These may he 
tests constructed by the (c.ichcr; but because teacher time is J/miled. 
tests found in te.xlbooks, workbooks, and review books are more often 
used. Pupils preparing for college board e.\ammatio;is or olljer st.md- 
ardized tests may concentrate on this type of lest. 

E.\tra notebook work should be judged by several stand.irds ojwrat- 
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ing in parallel. Points that should be considered are: thoroughness, 
organization, accuracy, handwriting, spelling, grammar, care with dia- 
grams and labels, wise use of illustrative materials. Some teachers in- 
sist that all additional work be pertinent to the topics studied in class; 
other teachers encourage pupils to include material on current events, 
special investigations, and matters of special interest to the pupils. 

Library research projects may be rated upon the number of sources 
used, the thoroughness of investigation, the organization of data, the 
treatment of conflicting points of view, and the quality of the sum- 
maries. Written reports may also be rated upon handwriting, spelling, 
grammar, and documentation. 

Experimental research problems should be rated in terms of orig- 
inality, statement of problem, thoroughness in collecting data, organi- 
zation and summarization of data, and carefulness in reporting findings. 
Special attention should be given to the conclusions drawn and the 
attempts to substantiate the conclusions through further investigation. 

Demonstrations presented by pupils may be rated according to the 
amount of preparation involved, the presentation of the problem, the 
organization of the data collected, and the conclusions drawn. 

Construction projects may or may not involve original planning; 
some projects represent no more than the assembly of commercial kits, 
others represent the step-by-step following of prepared plans, still 
others represent complete planning on the part of the pupils. Some 
projects are preceded by extensive research; this research adds to 
knowledge and deserves recognition. Teachers should remember 
that large spectacular projects may not represent as much investigation, 
experimentation, and problem solving as smaller, less conspicuous 
efforts. Additional points to consider are the skills with tools and ma- 
terials, attention to details, and ingenuity displayed. 

Teachers should not forget to give credit for the many lesser con- 
tributions of pupils, care of classroom plants and animals, voluntary 
distribution and collection of materials, help with cleaning glassware 
and organizing apparatus, and assistance with bulletin boards. Pupils 
who serve with distinction as group leaders, secretaries or in other 
capacities deserve recognition also. 

The problem of grading for “effort” always arises. Should pupils 
receive extra credit for sheer volume of tiieir work even though the 
quality seems low? The criterion to be used in evaluation is the benefit 
to the pupil. Many activities represent important learning situations 
even though tangible resulU are difficult to demonstrate. A teacher 
will not perpetrate many injustices if he errs on the side of generosity. 

Another problem that arises in evaluation is the basing of credit on 
ability. Should a pupil of high ability receive as much credit for a 
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piece «)f \\<»ik .li a le\< aide classinale win) does work of the same 
caliber? Ability is a very bard ibini; to ine.jstire and attempts to do 
M> a«lds .rnotber vari.d)Ie to the already confusing' problem of evalua- 
tion, Himever. there may be limes when a teaclier feels justified in 
^ivin^ otje pupil unusual credit for a metliocre accomplishment while 
refusing; another pujiil cr«*«ht for an erjually mediocre acxojnplish. 
ment. *Ihc elfecl tijmn liie pupils nuolvcd is the most important thing 
to be considered; the teaclier must be careful not to seem unjust in 
his judgment. 


MAKING GRADES CONSISTENT WITH STANDARDS 

The determination of grades is a serious responsibility. Grades, once 
entered in the nx'ords, liave great impact on the lives of pupils. They 
represent sucx:ess or failure with all llie altendent emotions. Tliey are 
used to compare one pupil with another. They are used to determine 
readiness for promotion and graduation and fitness for college or other 
ad\';mced training. They arc taken into account in awarding scholar- 
ships am) in deciding upon employment It is unfortunate that so 
much weight is given to grades because there are no truly objective 
measuring devices that can i)C used in determining them. Grading 
must he largely subjective in nature. 

The more factors that a teacher can take into consideration in grad- 
ing the less likely it is that he will commit injustices. Grades based on 
tests alone, for instance, do not give as good a picture of achievement 
as grades based on reports, research, projects and tests. 

Typos of achievomont. Certain types of aclncvemcuts can be evaluated 
with some degree of assurance. These achievements fall in the follow- 
ing categories: 

1. Learnings that can he measured by tests. TJjese include word 
meanings, statements of principles, recognition of applications, and 
solution of verbal problems. Learnings that are difficult to measure in- 
clude understandings of complex situations, understandings that do 
not lend themselves to verbalization, appreciations, and attitudes. 

2. Skills that can he demonstrated quickly. These include skills with 
reading, with mathematical processes, with the use of books, tools, 
and equipment. Difficult to measure arc such skills as problem solving 
skills. 

3. Completion of assigned tasks that arc simple in nature. It is rel- 
atively easy to check off tasks such as laboratory exercises, mathe- 
matical exercises, and workbook activities as soon as they are com- 
pleted. 
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4. Certain aspects of permissive work. Reports and projects carried 
out by pupils under tlie supervision of the teacher can be evaluated in 
terms of the end products and in terms of such procedures as are ob- 
served. It is difficult to determine many of the major benefits to the 
pupils. 

5. Tangible results of independent work. The end products of in- 
dependent research and of independent project work can be evaluated. 
Unless part or all of the work has been done in the classroom the pro- 
cedures cannot be evaluated. The major benefits to the pupils cannot 
be evaluated. 

Keeping records of achievements. Full records are essential for arriv- 
ing at grades. It is difficult to remember the nature and extent of 
each pupil’s achievements, especially in the case of pupils who work 
quietly and without spectacular results. 

Record forms should permit notations as to the different types of 
achievements pupils may have. A portion of a record book adapted for 
science records is shown on page 423. There are four major headings: 

1. Quizzes and unit tests. Several spaces are reserved for the scores 
of short tests. A few spaces are reserved for the scores of longer tests 
and unit tests. 

2. Assigned work. This section is treated as a check list except that 
grades are given for work which surpasses the minimum. 

3. Permissive work. In this section are entered the grades given for 
optional assignments carried out as part of regular class work. 

4. Voluntary work. In this section are recorded the grades given 
for work that pupils undertake spontaneously and do largely on their 
own time. There may be no entries in this section for some pupils and 
only a few for others. 

A record book is convenient to carry about and store. The records 
are compact and easily examined. However, there is not enough space 
to specify the nature of the achievements indicated in sections 3 and 4 
above. In consequence a busy tcaclrcr has difficulty in calling to mind 
precisely what each pupil h;is done; he is handicapped in arriving at 
final grades. 

On page 425 is a sheet from a standard 8)*" by 11" notebook in 
which one teacher keeps his records of the voluntary work done by 
his pupils. This form, which lire teacher makes in quantity with a 
duplicator, has spaces large enough for brief notations of each activity 
c.UTied out. Wlien determining grades he skims over the sheets to 
refrcsli his jnemory. 

Some teachers prefer to keep their records on filing cards despite 
the problems of carrying and storing cards. The front of a card is 
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used for test grades and notes on other acliievements. The reverse is 
used for notes on conferences and for observations of behavior. 

Assigning grades. When records are kept in the above fashion, final 
grades are determined by combining all the results of a pupil’s work. 
Test grades are averaged, with long tests being given more weight than 
short tests. For example, if a test that ends a unit is three times as long 
as a typical quiz, the score on that test is tripled before averaging it 
with the others. 

Grades for required work and for permissive work are then averaged, 
proper weight being given according to the nature of the difficulties 
involved in each assignment. These results are combined with the 
test average to give a tentative final grade. 

There are a number of ways for handling the credit given for 
voluntary work. Some teachers include the grades in with the permis- 
sive assignments. Other teachers work out a system for raising the 
final grade a certain number of points for each voluntary activity, the 
amount of increase depending upon the grades earned in each case. 

It is sometimes convenient to use numerical grades for tests and 
letter grades for other achievements. A conversion table is then 
needed. Each teacher should construct his own to fit his method of 
scoring. A conversion table that is commonly used is shown below: 


Score in 

Letter 

Significance 

percent 

grade 

of grade 

90 to 100 

A to A— 

Superior 

80 to 89 

B to B— 

Good 

70 to 79 

C to C- 

Fair 

60 to 69 

D to D- 

Satisfactory 

Below 60 

E 

Unsatisfactory 


The method of amalgamating grades in determining final grades 
helps to reduce some of the injustices that are bound to result when 
test grades alone are used. With this process the highest grades are 
reser\’ed for the pupils who excel in tests and who exert themselves 
to do superior work. Pupils who pass tests easily are not penalized for 
ai ing to work but they are denied superior grades unless they do 
more than the minimum. Pupils who have special aptitudes but lack 
a around excellence can earn high grades by exploiting their special 
talents. Pupils who lack academic ability and find tests difficult can 
still earn satisfactory grades by sufficient hard work. Only pupils who 
lack abilit)’ and refuse to try arc certain of failure. 




A TEACHER'S RECORD OE VOLUNTARY WORK 
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Plans and planning 


Suggested activities 

1. Make up a set of minimum requirements for a unit in general 
science, assuming a heterogeneous group of students. Be sure that the 
requirements are realistic— that the learnings justify tlie time needed for 
mastery, that each requirement lies within the abilities of each pupil, 
and that there are not more requirements than can be attained within 
the time allotted for the unit. 

2. Write out suggestions for activities in which pupils might engage 
after they have completed the minimum requirements for the unit just 
mentioned. Try to find suggestions to meet a wide variety of interests 
and abilities. 

3. Work out final grades for the pupils whose test and project grades 
are given on page 423. Compare your grades with those worked out 
by other prospective teacliers. Defend your basis for grading. 


Suggested readings 

Dunning, Gordon M., "Evaluation in Science,” The Science Teachers 
News Bulletin, April, 1047, pages 5-8, 84-39. 

Niessen, A. M , "Marking on a Curve,” School Science and Mathematics, 
February, 1946, pages 155-158. 

Spear, W. \V., "Remedial Instruction,” School Science and Mathematics, 
December, 1946, page 807. 

Thomas, R. Murray, Judging Student Progress, Longmans, Green, New 
York, 1954. 

Weaver, Edward K., "Evaluation of Student Achievement in Science,” 
Science Education. March, 1948, page 81. 

Yothers, Lee R., "The Practicum for Testing Science Learning,” Science 
Education, March, 1949, page 124. 
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Making the most 
of the 

science program 



The more the 

more he can do for Ins pupt and weaknesses, develop 

“;,Sr Sr and learn the satisfaction that can come 
though achievement. 




PROVIDING EQUAL EDUCATIONAL 
OPPORTUNITIES FOR ALL 

i 


I 

I 

chapter 17 I The greatest challenge in edu- 
cation today is the development of means whereby each young person 
can progress at his maximum rate as far as he is able to go. Complete y 
individualized instruction is too expensive. Mass instruction tech- 
niques, though providing equal schooling opportunities, are unjust o 
pupils who should progress more rapidly or more slowly or in other 
directions. The European system of isolating young people m rigid 
groupings is not compatible with American demowacy. cce nation 
and retardation by grades brings in many social adjuflment problems. 

Within the science program, educational opportunities can be equa - 
ized by various forms of grouping and by limited individualizabon of 
instruction, both of which can be applied within moderate smed hetero- 
geneous classes. When facilities permit, small groups of especially 
mlented youngsters may be isolated temporarily in classes geared for 
their particular abilities. 


IDENTIFYING ABILITIES AND INTERESTS 

Pupils can be provided for only when the 

dWduals-their interests, their personim^ traife, their f^bties, then 
backgrounds, and their specific needs. Obviously no teacher can con^e 
to know his pupfis as well as that by dir^t acquaintance unless he^ 
fortunate enough to teach in a small ^nhool system where he worU 
with the same individuals year after year. He must usually depenu 

upon other sources of information. 
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Making the most of the science program 

Counseling records. Records of each pupil are usually kept in the 
guidance office of a school. If there is no guidance office these records 
will be found in the administraUve offices. Among the records are the 
results of standardized tests. Of special value are the intelligence test 
scores, the mental ages, the reading levels and the general achievement 
levels. Scores on any standardized science and mathematics tests may 
prove useful. Grades give a measure of a pupil’s performance in school 
and a clue to his reaction to academic work. The same records tell 
which courses he elected and how well he did in each. 

The data in the guidance office are more useful in locating problems 
than in finding answers. The records show which pupils should be do- 
ing better work, but tell neither why they do not nor how to help them. 
Low intelligence test scores do not explain low grades; they point only 
to a common factor causing both. 

The personal data questionnaire. Many teachers prepare a question- 
naire which they ask pupils to fill out the first day of school. The in- 
formation on interests and backgrounds is of value in making plans to 
utilize special interests and experiences. A personal data card used by 
the science teachers in one school system is shown on page 431. This 
particular card also provides space for other data— standardized test re- 
sults, grades, and records of special activities. 

Personal contacts. Most of a teacher’s acquaintance with his pupils 
comes as he works with them in the classroom. With mass instruction 
techniques only the extremes stand out— the enthusiastic and the 
actively noncooperative. The more that a teacher can individualize 
his instruction the better he comes to know the pupils as individuals 
and the better he can meet their special needs. 

Closer acquaintance is gained during such out-of-class work that 
the pupils might engage in-science projects, science clubs, and other 
activities in which the science teacher may have a part. In activities 
out of school, such as scouting, the teacher comes to know his pupils 
as they really are, away from the artificial environment of the classroom. 

To help themselves identify their pupils better, many teachers keep 
brief notes on special characteristics. These may be kept in a card 
file, on the personal data questionnaire, or in a notebook. 

Conferences with other teachers. Any teacher who has had previous 
contacts with a pupil has important information about him— his special 
abilities, his interests, and his background. Unfortunately this informa- 
tion cannot be passed along as readily as are his grades. 

In large systems, a science teacher cannot interview all the former 
teachers of each of his pupils, but he can contact them about special 
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PERSONAL DATA CARD 


(Las! name) 


(First name) 


(Section) 


(Homeroom) 


(Birthday) 


(Father's name) 

(Occupation) 

(Mother's name) 

(Occupation) 



If you hove lived In other cities or stotes, tel! where. 

Give the names of some of the places to which you have travelled. 
Whot kinds of work hove you done for poy? 

What are some of your hobbies? 

To whot orgonizotion. do yoo belong? Whoi offices hove yoo held? 
What is your rank (in scouts)? 

Whot kinds of movies, rodio programs and television programs do you 
like best? 

What kinds of reading do you like best? 

Whot is the name of a book you have read recently? 

What magazines do you take at home and read regulorly? 
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problem cases. InformaHon gained must be interpreted with caution 
because teachers, being human, develop prejudices and may do m- 
justice to certain pupils. 

Sociograms. Knowledge of the social structure of a class may be help- 
ful in discovering cliques, rejects, and antagonistic individuals; such 
information is needed in planning group work. Social structure can be 
determined in part by the construction of “sociograms. Each pupil m 



B*pr»Mi6n of frlindiWp 
- ^ Mutual fritndinlp 

Eiptaiiian of diiUlit 

FIGURE 16. A simple sociogram, showing two cliques, one friendship pair, 
one isolate, and a reject. Boys are represented by squares, girls, by circles. 
In making the sociop^am, the teacher asked the pupils to indicate strong 
dislikes, as well as likes. However, it may not be wise to ask for expressions 
of dislike. (Adapted from W. W. Wattenberg, The Adolescent Yeare, 
Harcourt, Brace, New York, 1955.) 

a class is asked to list the names of his three (or four) best friends in 
the class. From the data the teacher builds a chart like that shown in 
figure 16. Circles represent girls; squares represent boys. Arrows 
leading from one symbol to another indicate an expression of friend- 
ship; a double arrow represents a mutual declaration.^ 

Sociograms must be used with caution. They do not tell everything 
and they can be misinterpreted. At best they represent fleeting condi- 
tions. The teacher must supplement them with his own observations. 

EMPLOYING GROUP/NG fN THE SCIENCE PROGRAM 

Grouping is not new in the science program. For many years science 
teachers have divided their classes into teams of two or three for 
* For more information on the constiucUon and use of sociograms see: 
Jermings, H. H., Leadership and Isolation, Longmans, New York, 1943. 
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laboratory work. However, such grouping has been employed more 
often in the interests of convenience than with the full potentialities 
of grouping in mind. 

Contributions of grouping. Grouping, when properly employed, pro- 
duces a number of beneficial outcomes: 


1. Allows full participation by the individual 

2. Gives maximum direct experience with materials 

3. Provides for wide range of interests 

4. Provides for wide range of talents 

5. Permits close matching of assignments to abilities 

6. Takes advantages of adolescents’ desire to work together 

7. Gives shy and retiring pupils increased security 

8. Gives practice in democratic processes 

9. Helps pupils explore their leadership potentials 

10. Provides a change from standard classroom techniques 
H. Helps teachers become better acquainted with individuals 
12. Helps teachers find time for special help for individuals 


Not all of the above benefits will be operative at the same time. 
However, the teacher can usually plan for several of them in any 
one grouping situation. 

Some considerations In setting up groups. A little knowledge of die 
general nature of preadolescents and adolescents helps the teacher 
organize his groups wisely. Preadolescent boys, for instance, usu y 
object to being paired with girls. Many adolescents re e w 
quired to work with someone they consider unacceptab e, e pr 
of the reject must be given careful forethought. 

Two or three persistent troublemakers, taking a van ° , 
tive freedom of group work, can upset an entire c ass. ^ ^ 

apt to separate these individuals, a f „d 

l/n g as eLh is accepted by the ^up to 

finds worthwhile things to do. C JXj together again. 

are ignored by their teammates who are generally of 

Sometimes it is well to put . „„„ g^up to work on 

the same age, mental “'“'“y- “ interests and abilities. They often 
a problem equated to t'’“”P ^ j. .^.jti, pupils who have 

, T hml been warned not to group Chuck and 

Mr. Woodhull, a cadet teacher, and allowed them to team up 

George together. But he forgot a surprise, the boys worked 

in constructing a telegraph se . complrih^ when other groups became 
with all seriousness and were hear 
0 bit frivolous. 
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To care for the reject, the teacher should try to find one or more 
secure individuals who are willing to choose him as a member of a 
group. Sometimes a private conference beforehand, with the problem 
presented honestly to them, is sufficieitt to gain their cooperation. 

Good leaders are needed for groupings of three or more. Haphazard 
assignment of leadership responsibilities may give difficulty, especially 
if a “clown” or a “slave” is put in cliarge of a group; many pupils will 
refuse to work under unacceptable individuals and many pupils will 
not know how to accept leadership responsibilities. 

Attention must be given to providing each member of a group with 
worthwhile things to do. If an experiment can keep but three pupils 
busy at the same time, the group should contain no more than three 
members. If there are only two books available for a reading project 
a teacher is inviting trouble if he assigns more than rivo pupils to 
the group. 

Most groups of three or more require some help svith organization. 
Adolescent leaders have not had enough experience to recognize the 
importance of assigning suitable responsibilities to each member of 
their respective groups. Tliey tend to do too much themselves and 
they fail to share the problems of planning. A teacher must expect to 
give help with assigning responsibilities, especially if assignments are 
at all complex. 

A teacher should not be discouraged if grouping procedures do not 
come up to his expectations. For one thing, he is dealing with indi- 
viduals who have minds of their own; no group activities will go 
exactly as the teacher has planned. For another thing, secondary 
school pupils are just learning group processes; in many systems they 
have been given no practice within curricular boundaries. Failures 
are inevitable. But failures should not end grouping; the pupils prob- 
ably need more experiences in simpler situations. Refusal to grant 
them these experiences will delay their growth. 

Using detached groups. The practice of detaching a small group of 
pupils from the remainder of a class to undertake special work has 
much to recommend it. The pupils selected usually have high interest 
m the problems. They work with enthusiasm. They need little super- 
vision. 

Gifted pupils benefit especially by detached grouping. They ac- 
complish regular class assignments in a fraction of the time needed 
by Aeir classmates. They need additional problems to challenge them 
while the remainder of the class is catching up. 

Interestingly enough, retarded pupils also benefit from detached 
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grouping. In such group work they find problems that enable them to 
use any special skills, usually manipulative in nature, that they might 
possess. The teacher must recognize, however, that work on such 
problems does not help retarded pupils pass pencil-and-paper tests 
to which they might be held; they will need special help if they are 
required to pass these tests. 

Detached grouping always has permissive aspects. Perhaps a 
teacher calls for volunteers to undertake a special project. 

“1 would like to have some models of synclines and anticlines like those 
shown in the textbook," the earth science teacher announced. Would 
anyone like to try making them?" 

Two hands were waved vigorously. The teacher made an assignment 
to busy the other pupils while he met with the two volunteers to plan their 
course of action. 

Once pupils are accustomed to the practice of detached groupmg 
they commonly propose their own problems on which to work. 

The biology teacher was approached by three classmates during the interval 
between classes. “Miss Pfizer," said the spokesman for the group, Ueucmnc, 
Betty and I are interested in the experiment you told about yester ay 
the one where you put hormones on slips to make the roots come ou fa 
Do you suppose we could do that?’ 

The teacher may also appoint a committee to undertake a sp 
task which seems of value to the individuals. 


Mr. Cummings ended a discussion on skin diving by making „ 

'0 the boy who had shown the most interest. “Chester, he ^ ^ 

choose a couple of your friends to find out more about 

sure on divers? You can work at the back of the room and we wdl listen 


to your report tomorrow.” 

It is possible to detach more than one group at ^ detached 

problems of supervision increase rapidly as the f , 

groups increases. If a teacher must conduct regular J 
the same time give help to two or more groups work g 
different topics, he may find the situaUon dilticult. 

Simple pairings. For many types 0^"^. 

grouping by pairs is effective. J"*" ,„e minor or lacking. 

such small groups and organizational p unifonn 

Commonly classes are divided into teams o 
assignments. There arc advantages to having pupils ^vork 
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To care for the reject, the teacher should try to find one or more 
secure individuals who are willing to choose him as a member of a 
group. Sometimes a private conference beforeliand, with the problem 
presented honestly to them, is sufficient to gain their cooperation. 

Good leaders are needed for groupings of tliree or more. Haphazard 
assignment of leadership responsibilities may give difficulty, especially 
if a “clown” or a “slave” is put in charge of a group; many pupils will 
refuse to work under unacceptable individuals and many pupils will 
not know how to accept leadership responsibilities. 

Attention must be given to providing each member of a group with 
worthwhile things to do. If an experiment can keep but three pupils 
busy at the same time, the ^oup should contain no more than three 
members. If there are only two books available for a reading project 
a teacher is inviting tiouble if he assigns more than two pupils to 
the group. 

Most groups of three or more require some help with organization. 
Adolescent leaders have not had enough experience to recognize the 
importance of assigning suitable responsibilities to each member of 
their respective groups. They tend to do too much themselves and 
they fail to share the problems of planning. A teacher must expect to 
give help with assigning responsibilities, especially if assignments are 
at all complex. 

A teacher should not be discouraged if grouping procedures do not 
come up to his expectations. For one thing, he is dealing with indi- 
viduals who have minds of their own; no group activities will go 
exactly as the teacher has planned. For another thing, secondary 
school pupils are just learning group processes; in many systems they 
have been given no practice within curricular boundaries. Failures 
arc inevitable. But failures should not end grouping; the pupils prob- 
ably need more experiences in simpler situations. Refusal to grant 
them these experiences will delay their growth. 

Using detached groups. The practice of detaching a small group of 
pupils from the remainder of a class to undertake special work has 
much to recommend it. The pupils selected usually have high interest 
in the problems. They work with enthusiasm. They need little super- 
vision. 

Gifted pupils benefit especially by detached grouping. They ac- 
complish regular class assignments in a fraction of the time needed 
by their classmates. They need additional problems to challenge them 
while the remainder of the class is catching up. 

Interestingly enough, retarded pupQs also benefit from detached 
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grouping. In such group work they find problems that enable them to 
use any special skills, usually manipulative in nature, that they might 
possess. The teacher must recognize, however, that work on such 
problems does not help retarded pupils pass pencil-and-paper tests 
to which they might be held; they will need special help if they are 
required to pass these tests. 

Detached grouping always has permissive aspects. Perhaps a 
teacher calls for volunteers to undertake a special project 


“/ would like to have some models of synclincs and anticlines like those 
shown in the textbook” the earth science teacher announced. Would 
anyone like to try making them?” 

Two hands were waved vigorously. The teacher made an assignment 
to busy the other pupils while he met with the two volunteers to plan their 
course of action. 

Once pupils are accustomed to the practice of detached grouping 
they commonly propose their own problems on which to work 

The biology teacher was approached by three classmates during the interval 
between classes. “Miss Pfitzer," said the spokesman jor the group, “Suzanne, 
Betti/ and I are interested in the experiment you told about yesterday 
the one where you put hormones on slips to make the roots come out fas er 
Do you suppose we could do that? 

The teacher may also appoint a committee to undertake a special 
task which seems of value to the individuals. 

‘'fr. Cummings ended a discussion on skin dicing by making fl» ’ 

fo the boy had shown the most interest. -'Chester, he sajd wdlj^n 
choose a couple of your friends to find out more about the effects of pres 
sure on dwells? You can work at the back of the room and we wdl hsten 
io your report tomorrow.” 

It is possible to detach more than one group at a tin e. j j 

prohleii of supervision increase rapidly as the 
groups increases. If a teacher must conduct regular ^ 

the same time give help to two or more groups working on cnlirr y 
dilferent topics, he may find the situation 1 1 icn 

Simple pairings. For many ‘yl- | "i::^:r;n 

grouping by pairs is ciTcctivc. IndividiM par j ^ Kicking- 

^>ich small groups and organizalioiial l’^“ „„ unifuini 

Commonly chisscs are divided into teams < 

^‘ssignments. There are advantages to having pup.U -.rk 
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Subject matter learnings may be more uniform when pupils work 
alone or in pairs, but individuals in larger groups may learn more 
thoroughly, especially the leaders who must interpret the problems to 
their groups. Interest is often high because of the variety grouping 
techniques give to the program. 

However, as pointed out previously, larger groupings demand 
special planning. Leaders must be selected with care. Worthwhile 
responsibilities must be available for each member. And leaders need 
help in assigning responsibilities. 

Mr. Watson, a student teacher, planned germination experiments for group 
work. He arbitrarily divided the class into five groups of six pupils each, 
gave them the needed materials and told them to go to war . 

The responsibilities involved divided themselves naturally into three 
parts. Three pupils in each group assumed these responsibilities but no one 
tried to find suitable occupations for the remaining members. Some of the 
unoccupied pupils watched passively, some discussed matters of persoml 
intorelwithcach other, and three of the older boys became disturbing 
influences. 

Mr. Watson could have avoided this problem in one of two '™yS' He 
could have provided more materials and set up ten 
instead of five. Or he could have retained groupings of six and given 

nature of the problems 

readily set up their own groups, choose leaders, an p 
of action. 

After a marine-life collecting '">■ *[“'^^“™t;rspfhnenre”g™''l> 
'■’•other 

group putting coelenterates in preservative, an , , . 

, ■ ..n„r,tinn must be given to the selection 
For more complex problems a ,esponsibiIiUes. Each group 

of group personnel „oup members will cooperate, 

must have a leader vvith .„Lt use his influence to see 

If special skills are called for, tl 

that each group includes pupils , ° i,i advance for problems 

A teacher may find ^ ^^di depends upon the activities 

that are unusually complex and leaders detailed suggestions 

of tile leaders. The teacher may also gi 
for group organization. 

Wilson announced that for an exp collage, the second 

otould work in groups of threes, one var,jm„ » 
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problems; materials can be prepared easily and supervision is relatively 
simple. 

It is also possible for each pair of pupils to work on different prob- 
lems. This makes it possible to equate the assignments to the abilities 
and interests of the pupils. The usual technique for making the as- 
signments is to prepare a list of suitable problems from which each pair 
chooses the one it wishes to work on. The teacher may also permit 
pupils to propose related problems in place of those on the list. The 
major disadvantage of using different assignments lies in the difficulty 
of preparing materials for so many situations. Some topics lend them- 
selves more satisfactorily to this technique than do others. 

Mr. Marrone’s eighth grade science classes were studying solutions. At the 
beginning of the period, Mr. Morrone demonstrated the use of a filter in 
distinguishing solutions from suspensions. He uncovered a large assortment 
of samples on his front table and asked the pupils to choose partners and 
test two or three of the samples for solubility. 

In this case, Mr. Morrone gave his pupils the privilege of choosing 
their own partners. Many teachers prefer to make pairings on an 
arbitrary basis to control the nature of the groups. There are times 
when this latter practice is justified but the pupils are denied oppor- 
tunities for taking responsibilities for their own behavior. 

When pupils are allowed to choose their own partners, a certain 
amount of noise and confusion must be e.vpected. This can be kept 
within an interval of short duration by proper planning. If the pupils 
understand clearly the problems they will undertake and the pro- 
cedures they will use, most of them will go to work as soon as they 
have chosen their partners. Tiie teacher should keep himself free of 
other responsibilities during this interval to give attention to any pupils 
who do not tackle their problems immediately. 

Because pupils work at different rates, there should be some provi- 
sion for groups that complete their assignments early. Additional in- 
vestigations may have been proposed during the planning process. Or 
the teacher may make suggestions to individual groups as each com- 
pletes its task. It is also possible to provide in advance individual 
reading or notebook assignments to be worked on as soon as the group 
assignments are fulfilled. 

Groupings of three or more pupils. Within the larger groups the social 
structure is much more realistic than in groups of two. The impact of 
different personalities is stronger. There is more give-and-take and 
more compromise. Special talents can be given more adequate recog- 
nition. Leadership calls for more tlian mere aggressiveness; leaders 
must have tact, diplomacy, and consideration for others. 
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Subject matter learnings may be more uniform when pupils work 
alone or in pairs, but individuals in larger groups may Icam more 
thoroughly, especially the leaders who must interpret the problems to 
their groups. Interest is often high because of the variety grouping 
techniques give to the program. 

However, as pointed out previously, larger groupings demand 
special planning. Leaders must be selected with caie. Worthwhile 
responsibilities must be available for each member And leaders need 
help in assigning responsibilities. 

Mr. Watson, a student teacher, planned germination cxpcrinhV’t'-- for aroup 
work. He arbitrarily divided the class into five groups of six pupils each, 
gave them the needed materials and told them to go to work 
The responsibilities invoiced divided themselves natutalhi into three 
parts. Three pupils in each group assumed these responsihiUlws hut no one 
tried to find suitable occupations for the remaining members. Some of the 
unoccupied pupils watched passively, some discussed matters of personal 
interest with each other, and three of the older boys became disturbing 
influences. 


Mr. Watson could have avoided tliis problem in one of two ways. He 
could have provided more materials and set up ten groups of pupds 
instead of Eve. Or he could have retained groupings of six and given 
lielp in organizing tlie activities of each group. 

The amount of organizational help groups need depends upon the 
nature of the problems undertaken. With simple activities, pupih 
readily set up their own groups, choose leaders, and plan their courses 
of action. 


A/<cr a marme-Ufe coRcclmg, trip. Miss ilamnalo,, asked her 
divide themselves into groups and take care of the spectatens, ^ ‘ , 

Waning up the gastropod shells, another group pressing algae, a Ihmt 
group putting coclenicralcs in prcscrealicc, and so on. 

For more complex problems, attention most be given to 
of group personnel mid the alloeation of '-'d'ov g m P 

■oust bavi a leader witb whom other group members « 11 oo< r. U- 
If siK-eial shills are ealled for. tbe teaeber most use Ins nd nenev t„ s.-c 
Hut eaeb group ineludes pupils baving these 
A teacher m.!y find it svise to select leaders m adsance 
•bat are unusually complex and when inucb < I 

of the leaders. The teaeber nuy also g.se leadrrs dcla.i.xl su,,>. 


for group org.mization. _ 

■'fr. WiUon annonneed that far an exju-rinum. .elth 
’“"‘Id work in grva,» of three's, one var.jeng the gnd 
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noting the plate current, and the third keeping records. He selected six 
pupils to serve as leaders and asked them to choose the other members 
of their respective groups and assign the responsibilities. 

Sometimes a teacher may find it wise to meet with the group leaders 
beforehand to work out the membership of the groups. 

Mr. Kane planned six di^erent tropism experiments to he carried out by 
an equal number of groups. He chose six pupils of demonstrated leader- 
ship ability and conferred with them while the remainder of the class 
worked on a special assignment. 

Mr. Kane outlined the experiments and the methods of attack. He sug- 
gested a pattern for group organization, proposing that each group have 
a chairman, a secretary for taking notes, an artist for making diagrams, an 
experimenter to do the manipulative work and an experimenters helper 
to assist him. The leaders accepted his suggestions and after discussing 
the qualifications needed for each job, set up the group membership so 
that these qualifications were provided for. 

Because many secondary school pupils have had little experience 
^v’ith grouping procedures, the beginning teaclier is advised to move 
slowly in utilizing groupings of three or more. He may start with 
simple pairings and with detached groupings and as experience grows 
he may add the third member to the groups, giving detailed help in 
organization. Gradually, as pupils develop suitable skills they may 
be given additional responsibilities. The ultimate will be reached 
when they suggest their own problems, organize themselves into 
groups, and plan their own methods of attack. 

HELPING PUPILS WORK ALONE 

Most adolescents are highly gregarious and find security only in the 
company of their fellows. And yet they need opportunities to explore 
their capacities to work alone; some of them may find in completely 
ijidependent n'ork their greatest challenge. The science program 
should be organized to include short periods of independent work with 
plentiful options for pupils to continue working alone in follow-up 
activities. In addition, the teadier should constantly extend invitations 
for pupils to undertake projects that are not related directly to class- 
work. 

Individualizing classroom instruction. The vision of a group of pupils 
working independently, each beginnmg at the point to which he had 
already progressed and continuing as rapidly and as far as his 
abilities permit, is one that has long intrigued educators. Continued 
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experimentation, however, has not produced techniques that con- 
tinue to be used on a large scale in American schools. 

Truly individualized instruction can be successful only when per- 
sonal tutoring is possible, and with individuals who have strong in- 
centives for learning as well as knowledge of how to obtain informa- 
tion. These are conditions rarely encountered in public secondary 
schools. Many compromises are necessary. 

Easily supervised activities based on reading and writing lend them- 
selves well to individualized instruction. Science notebooks provide 
excellent independent learning situations. 

Mr. Shavers earth science class was made up of ninth grade pupils of 
exceptionally high ability, all excused from the standard general science 
course to enter this small, select section. Mr. Shaver provided duplicate 
assignment sheets listing fifteen questions on astronomy. The first of these 
called for little more than recall of learnings in previous grades. The prob- 
lems became increasingly complex and the last few called for extensive 
library research. The pupils undertook the assignment with high zest, doing 
much work outside school hours. Most of them completed all fifteen tasks 
although this was not required; all pupils did the major part of the tasks. 

This type of work appealed strongly to this special group of adoles- 
cents. It would not have equal success with unselected groups in 
which there are pupils who do not find reading sufficiently rewarding. 
Variety is needed for most pupils— experiments, project work, field 
trips, as well as reading and making reports. 

Mrs. Abernathy duplicated a set of questions for her pupils to answer, listing 
suitable references, and announced that as soon as the pupils had com- 
pleted this assignment they could read farther on any topics that interested 
them, or try out experiments described in the reading, or undertake special 
projects associated with the unit. 

One boy, an avid reader, was able to answer the questions without refer- 
ence to books. Most of the pupils completed the work within half a period. 
A few needed a longer time. 


Mrs. Abernathy’s technique contains some of the elements of com- 
pletely individualized instruction and yet is practical within the usual 
classroom situation. First of all, there is consideration for tlie back- 
grounds of the pupils-further reading is not required if pupils alrcad> 
know the answers. There is freedom to work at different rales. There 
is incentive to work at the maximum rale-al least for those pupi- 
who are challenged by the optional tasks. And there is provision for 
pupils to go farther than the minimum. 
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nathy started all pupils at work at identical tasks making up a minimum 
assignment which required little supervision. Thus she was free to 
give special help to any who might need it. And as pupils began to 
complete the assignment, usually at different times, she was still free 
to help them get started on new tasks. 

Ideally, individualized instruction in science should make provisions 
for laboratory and field work. Practically, because of size of classes 
and problems of supervision, more compromises are necessary. Some- 
times small group laboratory exercises can be blended with indi- 
vidualized instruction of other types. 

Mr. Marsted asked his physics pupils to complete two laboratory exercises 
dealing with the measurement of voltage and current. These were to he 
followed by assigned readings and mathematical exercises. After the mini- 
mum requirements were completed, pupils could undertake additional 
laboratory work or reference work. Pupils were asked to work in pairs for 
the first two exercises but to work alone thereafter. 

An essential feature of all individualized instruction is frequent test- 
ing. Pupils must know how well they are progressing. Tlie teacher 
must know when additional work is needed and when pupils are ready 
to undertake new tasks. Because pupils are in different stages of 
progress, testing must be done on an individual basis. Therefore tests 
must be easy to administer and simple to evaluate. 

Self-administered and self-evaluated progress tests are distinctly 
advantageous. Pupils like performance tests and identification tests 
of this type. When pencil-and-pajrer tests are used, the questions 
should be of the type that permit only one correct answer lest the 
pupils find it necessary to turn to the teacher frequently for help in 
scoring. 

It is well to provide two or three forms of the same test. A pupil 
who fails the first test, docs additional work, and returns for retesting 
can be given the second form. This reduces the “carry over” effect 
when the same form is used twice. 

When the teacher wishes to test progress himself, he should use 
tests that can be scored quickly. If the work of the pupil is in tangible 
form a single glance is sufficient; one look at a simple electric circuit or 
a bend in glass tubing tells how well a pupil has done. Skills in read- 
ing weather maps, contour maps, and the like can be determined 
quickly. 

Mr. Puzilla wrote on his own copy of a contour map the height of certain 
hills and the distances between certain points. In testing a pupil's ability 
to read a topographic map, Mr. Puzilla was able to check answers quickly. 
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Pencil-and-paper tests are apt to require more time for scoring and 
the teacher is apt to be interrupted frequently in the process. If he 
confines his test to diagrams or to easily memorized sequences of 
numbers, he can limit scoring to a quicks scanning and reduce the 
necessary time to a few seconds. ( See chapter eleven for quick scoring 
techniques. ) 

Oral testing is the preferred method for determining progress be- 
cause this allows the teacher to analyze the pupil’s strengths and weak- 
nesses in order to suggest remedial procedures. Oral questioning in- 
troduces some problems of time and privacy. The time element can 
often be reduced by asking first a few sampling questions and explor- 
ing only the areas in which deficiencies seem to be revealed by the 
answers. 


Mrs. Wilbur tested each pupil’s knowledge of anatomy by pointing to organs 
in a dissected cat with the expectation that the pupil could give the names 
and functions of those organs. She discovered that the pupil who could 
give correct answers to the first three or four questions usually did as well 
on additional questions of the same difficulty. She developed the practice 
of limiting her oral tests to four questions except for pupils who revealed 
deficiencies; these latter pupils were tested more thoroughly. 


Encouraging independent work. Independent work carried out either 
as an outgrowth of the regular program or unrelated to it is a form 
of individualized instruction. Chapter hvelve (page 314) describes the 
case of Alice, and the benefits that came because her general science 
teacher permitted her to use part of her class time to explore an interest 
in butterflies. There can be no question that Alice gained in terms 
of understandings, skills, and attitudes even as she might have under 
the regular program; there is considerable evidence that she actually 


gained far more. 

Many teachers would have refused Alice so much freedom. They 
would have insisted that she view the same demonstrations, prepare 
the same reports and sit through the same discussions. xNIany other 
teachers would have granted freedom reluctantly, permitting her to 
do independent work only after the completion of all assignments. 
But fortunately for Alice, her teacher was more concerned with her 
as an individual than with the uniformity of his program, and he did 
not require of her the same assignments that he required of others. 

Pupils who hove the ability to do independent work usuolly grnsi 
the basic material of a course in a fraction of the time needed by thur 
fellows; they cun work on special assignments while their fellows . re 
catching up with tliem. Even when they lose out on " 

planned learnings of a course, the mulenal ti.ey do learn is usu.ill) 
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of equal value. It is difficult to imagine that any pupil is harmed by 
being allowed to follow up some special interest in science.® 

A teacher must not expect pupils to undertake independent work 
spontaneously. Few pupils are accustomed to so much freedom. They 
do not have the background to recognize challenging problems. They 
need much help in defining problems, in planning methods of attack, 
and in overcoming unexpected difficulties. A teacher will find that 
for weeks at a time no pupils will be working on independent projects 
and he will rarely find more than a small percentage of his classes 
so engaged at any one time. 

The teacher must expect to provide most of the ideas for independ- 
ent work. Many suggestions will arise from regular class work. 

During an eighth grade unit on gardening, discussion turned to the hardiness 
of various garden plants. Julie volunteered to do some reading on the topic 
and report to the class. 

The next day Julie was most enthusiastic about a book which gave the 
probable geographic origins of plants and used it as a basis for her report. 
The science teacher recognized Julie’s enthusiasm and suggested that she 
make a map of the world on which she could paste pictures of garden 
plants in the countries of their respective origins. 

A teacher may select a pupil to do independent work basing his 
selection on the pupil’s demonstrated abilities and interests. The 
pupil is usually pleased at being thus singled out and he may be at- 
tracted by the thoughts of substituting one form of work for another. 

He may also be stimulated by the prospects of entering his project in 
a science fair. Thus a pupil who normally would not think of deviating 
from regular class assignments is encouraged to follow up special 
interests. 

Godfrey was a capable student but had far more enthusiasm for the physical 
sciences than for the biology course he needed for a science sequence. The 
biology teacher recognized Godfrey’s problem and was sympathetic with him. 

Godfrey, he said one day, sitting down beside him, "I’ve just found 
this plan for a reaction timer. It measures the time a person needs after 
seeing a red light before he can put on the brakes. Do you think you could 
make it?” 

A permissive atmosphere in the classroom helps encourage pupils 
to suggest their own problems. 

- It might be noted here that no science program is complete; it can only 
sample the most important topics. The most difficult decision in planning a 
program is deciding which topics to sample and where gaps must be left 
because of time limitatioiis. 
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For mij experiment, I wanted to find whether / could successfully facLi'i.'.n 
mice against a strain of mouse influenza that would kill any mouse that uus 
not immunized or vaccinated. I worked with a mouse-chick adapted t jn«, 
PRg. which was isolated in Puerto Rico. To grow enough virus to work with 
I took a stock culture of PRs virus, made a 1:10 dilution of virus and sa l 
solution (1 c.c. virus and 9 c.c. salt). This I inoculated iiijo 50 ten-day^oM 
chick embryos. These were refrigerated for one day to kill the embryo and 
chill its fluids. I then harvested the virus, cutting the top of} each egg and 
drawing off the virus-infected allantoic fluid. 


or <1 ratio of 1:100,000, and the 


Mil first Stwmi of mice, both caccimllcd and non-caccmalcd. received a 
vcrij strong dilution of virus, I0-‘, or a ratio of IrlO The second groiiii of 
mice, both vaecinated and non vacciiiatcd, rcccivcrl a dilution of virus of 
moderate strength, JO-', or a ratio of_ 1:1,000. The thud group of mice 
received a weak solution of virus. 10 
fourth group of mice 
received no virus.... 

My chart shows the 
results after the mice 
had had the virus- 
five days: blue mice 
with their tails up 
rcprcAcnf live mice; 

Proa'll mice tcith 
their tails doten arc 
dead. 
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Mr. Thompson inakes many of his assignments in the following manner: 
“For tomorrow I want you to do any one of the fobs listed on this sheet. 
If you can thirik of something else you would rather work on see me and 
we will talk it over.” 

A teacher must make an early decision about the amount of class 
time that a pupil may use for his special work. Usually it is well for 
all pupils to participate in field work and laboratory activities, and to 
view the same films and demonstrations. A pupil should be able to 
get started on his task during the remaining portions of several suc- 
cessive periods. If his interest is high enough he will put in much addi- 
tional work outside of class. There will be exceptions; unusually tal- 
ented pupils working on projects of high caliber may be given more 
time; pupils with unfavorable home conditions may need additional 
time to make adequate progress. 

A teacher must also decide which requirements will be relaxed to 
permit independent work. Pupils of high intellectual capacity usually 
pass the same tests as their classmates without difficulty. There is little 
value in their engaging in activities which are designed to reinforce 
learnings; work On practice exercises and written reports can well be 
excused. For grading purposes, substitutions may be made; a report 
of a project may be used in place of one or more experiment reports 
and a grade may be given for the tangible accomplishments of the proj- 
ect in place of grades for regular assignments. 

Comparable decisions in the case of the pupil who does not do so 
well on tests and other academic requirements are more difficult to 
make. The teacher may determine which segments of the planned ma- 
terial are of vital importance to the pupil and set these as minimum re- 
quirements that must be met; above this minimum the pupil may sub- 
stitute his project work for activities required of the others. Or the 
teacher may decide that the outcomes of the independent work are of 
equal value to those resulting from the planned program and permit 
complete substitution. 


PROVIDING FOR EXCEPTIONAL PUPILS 
IN HETEROGENEOUS GROUPS 

Among tlie pupils in any one school there are certain to be a few who 
deviate widely from the norm in one or more respects. Some may be 
academically brilliant. Some may be seriously retarded readers. Some 
may be social rejects. Some may be serious disciplinary problems. 

With normal distribution the teacher rarely encounters over one or 
two such exceptional pupils in any one class. The problem of pro- 
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viding for them is not troublesome if classroom procedures are flexible 
and the teacher is alert to his opportunities. 

The brilliant pupil in the heterogeneous group. Special pains must be 
taken to make sure that the brilliant pupil is not ignored. It is far too 
easy to hold him to the same assignments and to the same standards as 
his classmates, assuming that because he attains high grades nothing 
more need be done for him. 

It is a mistake to believe that brilliant pupils must be held back by 
being in the company of less gifted pupils. Pupils are held back, not 
by their classmates, but by stereotyped and inflexible classroom pro- 
cedures. 

The program for the brilliant pupil should be a judicious blend of 
regular class work and special assignments. He should work with his 
classmates on the introductory phases of each unit, he should partici- 
pate in all field work, and in much of the group work. But while other 
pupils are doing individual work— reading, reviewing and svriting— 
he should be engaged in activities that are suited to his superior 
abilities. 

Usually the brilliant pupil is easily encouraged to do special work. 
He is curious; he grasps problems readily; he has a superior back- 
ground. During regular classwork, as questions arise, he may be as- 
signed the task of investigating some of these. Other pupils will under- 
take special problems also but his will be more complex. The brilliant 
pupil may be detached with one or two others for special group work. 
His partners need not be of equal caliber; each can make contributions. 

The greatest help that may be given the brilliant pupil is tlie op- 
portunity to do original research. He usually cares little for stereo- 
typed exercises; he prefers to investigate problems that have unfamiliar 
outcomes. His research may begin as an outgrowth of regular class- 
work but he should be encouraged to continue it both in and out of 
school. Many of these pupils will willingly work evening after evening 
if the teacher will stay with them and give a little help. 

The brilliant pupil can also be given special responsibilities in the 
classroom. He may prepare and present demonstrations. He may help 
supervise certain types of laboratory work. If he has leadership ability, 
he may take charge of groups working on special projects such as as- 
sembly programs. Working with other capable youngsters, lie may 
keep laboratory equipment in order and lake charge of the classroom 
library. These opportunities will help him develop broadly as well as 
specifically. 

Retarded readers in heterogeneous groups. Seriously retarded re.idtrs 
who do not sulfor from a lack of mental ability benefit from all phases 
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of the science program except those that directly involve reading or 
are based upon a background provided by reading. These pupils profit 
almost as much as their fellows wlien working with materials and 
when using audio-visual aids. They are handicapped chiefly by a re- 
duced experience background and a feeling of inferiority in academic 
matters. 

These pupils find meaningful a science program based chiefly upon 
direct experiences, such as field work, and supplemented by such 
audio-visual aids as films, slides and pictures. To profit fully, these 
pupils must feel that what they are doing is worthwhile and that they 
have important abilities. Tliey need the confidence that comes with 
success. 

Individual and small group activities provide many opportunities 
for retarded readers to excel. They can set up electric circuits, make 
models, perform experiments, put on demonstrations, and prepare 
visual aids. In addition, they may display leadership ability, artistic 
talents, and dexterity with tools to a degree that makes them outstand- 
ing among their fellows. 

Retarded readers need not be denied opportunities to read. They 
must be expected to undertake reading assignments along with their 
classmates. However, assignments should be flexible to allow these 
handicapped pupils to find the required information in books suited 
to their degree of skill. When textbook assignments are made, re- 
tarded readers may be given study guides to help them locate specific 
items of information. 

Few retarded readers are able to ivrite well and most of them dis- 
like writing. These pupils may be permitted to substitute diagrams, 
drawings and clippings for written assignments with the understand- 
ing that labels and captions are to be carefully prepared. They may 
maintain science notebooks on the same basis. 

The retarded reader can be helped to keep up with his classmates 
in nearly all respects except in passing pencil-and-paper tests. Here 
he IS at a distinct disadvantage. He has difficulty interpreting questions 
and writing answers. In addition, mu<di of the material tested by this 
means is derived from reading. Tliough he is better able to handle 
short-answer tests than essay and completion tests, it would not be fair 
to his classmates to use such tests exclusively. This is one of the situa- 
tions in which the retarded reader must recognize and accept his 
limitations. 

Providing for the dullard. The term “dullard” is reserved here for the 
pupil who is truly lacking in native ability. There are fewer dullards 
in the usual teaching situation than might be supposed from hearing 
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teachers talk, because retarded readers and other handicapped pupils 
are often classed thus unjustly. 

The true dullard is, as the name implies, “dull.” ® He has few strong 
interests. He makes few contributions to the work of the class. He is 
usually overage and therefore often oversized for his group; ho\vever 
he may be poorly developed and poorly coordinated. He makes few 
friends but he sometimes forms strong attachments for others. He 
is apt to be the butt of his classmates’ j'okes. He may not take offense 
if he does not understand that he is being ridiculed, but if plagued 
sufficiently he may fly into a blind rage. 

The dullard is rarely a discipline jiroblem except when other pupils 
deliberately incite him to get him in trouble. Generally he responds 
well to praise and is eager to do whatever is asked of him. But he needs 
sympathy and understanding. There is no purpose in holding him to 
conventional standards; he can see the same demonstrations, watch 
the same films and listen to the same discussions as his classmates 
without gaining more than indistinct impressions and unconnected 
ideas. 

However, he is still a human being. He has intelligence and can 
learn facts about familiar situations and he can develop certain skills. 
He lacks mostly the ability to transfer learnings from one situation to 
another. As much as possible his work should be directed towards 
achievements that will help him in everyday living— safety habits, 
the wise use of household devices, care of plants and animals. 

The dullard should be expected to do work along with his classmates 
but the nature of his assignments may be changed. He can do manipu- 
lative work but he will need help in organizing it. The problems with 
■which he is faced should be one-step problems carefully chosen for 
their simplicity. Oral directions are needed because he cannot inter- 
pret written materials. 

During a study of plant reproduction, Mrs. Clay asked Tom, a true dullard, 
to make a chart of differe/U kinds of fruit. She provided him with seed 
catalogs, scissors, paste and a sheet of card. She helped him print a title. 
She asked him to cut out pictures of things he knew had seeds inside. 
Tom worked diligently on his project, not only in class but during a study 
period. The final chart teas colo^ul and appropriate to the subject being 
studied. 

® The dullard cannot be distlnguidied by IQ alone, alfhougli sonic people try 
to make this simple disUnclion. He is identified by a numljcr of character- 
i-stics discussed above. It should be noted too lliat some pupils « ith low IQ s 
are not dullards, but secure low IQ scores because of cnioUonal or oUtcr 
problems. 
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The dullard is happy to accept certain kinds of classroom respon- 
sibilities; he can water plants, clean animal cages, erase blackboards, 
and wash glassware. He attends these duties faithfully, often arriving 
at school early and leaving late. 


THE SOENCE PROGRAM 
FOR HOMOGENEOUS GROUPING 

Schools that practice “homogeneous grouping” bring together in each 
section pupils with approximately the same academic ability as 
measured by intelligence scores and school success. For the median 
sections the science teacher has no special problems but for the ex- 
tremes he is faced with real challenges. 

Science for high-level sections. In the top one or two sections are con- 
centrated the best students in a school. If there are any geniuses 
these will be included. Most of the pupils, however, will be in the 
“superior” category. There may even be some of little more than aver- 
age ability but who have sufficient drive to rate well academically. 
In other words, despite the term “homogeneous” the top sections may 
show a considerable range. 

These sections can be a pleasure to work with. The pupils have ad- 
justed well to secondary school conditions. They all read well and 
have satisfactory mathematical skills and insight. They usually have 
rich experience backgrounds. Tlieir interests tend to be academic in 
nature. 

On the other hand, many teachers who ask for an assignment to 
these sections fail completely to provide a suitable program. They 
make one of two mistakes. Either they try to speed up the rate of 
instruction-covering more ground in the time allotted, or they 
provide more of the same program used for other pupils— more read- 
ings, more mathematical exeicises, more written assignments. 

The program for superior students should be planned with the 
over-all development of these young people in mind. They do not 
benefit by being crammed with more information and by perfecting 
minor skills. They need opportunities to explore their abilities and 
interests, to discover the satisfaction of research, and to become leaders 
of people. 

A program for superior students makes extensive use of laboratory 
experiences. The mere fact that they can read well should not diminish 
the emphasis upon situations in which pupils must think for themselves. 
Time for additional laboratory work can be taken from that allotted 
for the review and drill activities provided for less able students. The 
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laboratory work should be largely of the research type; superior stu- 
dents do not need as much practice with laboratory skills as other 
pupils and they find little challenge in exercises the results of which 
are known beforehand. 

Superior students benefit greatly from field experiences. They can 
comprehend industrial processes, research laboratory activities, and 
ecological relationships and they have the ability to do the follow-up 
reading necessary. 

Superior students should not be denied opportunities to work with 
tools and other materials. These media are as essential for their edu- 
cation as for that of the less gifted. Indeed, superior students can 
surpass other pupils in such work because they can depend upon their 
reading for new techniques and processes. 

Films and other visual aids have an important place in their pro- 
gram but these must be chosen with the nature of the pupils in mind, 
Many visual aids now on the market would be no more than a waste 
of their time. The best materials will awaken new interests, define 
problems, and aid in the solution of problems appropriate for the 
achievement level of the pupils. 

The program for superior students may be highly individualized 
with pupils spending much time on special research projects. These 
projects should not be primarily reading projects but should deal 
chiefly with laboratory and field problems. 

These pupils are capable of participation in the planning process. 
Some teachers do little more than outline the basic program at the 
beginning of the year. The pupils are brought into all unit planning 
and determine much of what is undertaken each day. Under these 
teachers the science classes bear more than a superficial resemblance 
to a science club. 

Science for low-level sections. In these sections are grouped all the 
truly unfortunate youngsters in a school— unfortunate in their endow- 
ments and unfortunate in having to be in these sections. There may be 
a few dullards. There will be pupils lacking in academic skills. There 
will be pupils handicapped by underprivileged backgrounds. There 
may be pupils held back by physical illness or personality deviations 
or pupils who are emotionally unstable because of family strife. Some 
may be incorrigible delinquents. Tlie pupils range greatly in age; some- 
times seventh grade pupils are eighteen years old. Physically many of 
them are men and women. With a sprinkling of younger pupils in each 
section some peculiar problems arise. 

Pupils in a low level section benefit little from a standard program 
that is merely diluted “down to their Ici-cl." They need a program that 
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is planned specifically in terms of their maturity level, their lack of 
academic skills, their approaching entry into the adult world, and their 
feelings of inadequacy. 

The school administration should feel responsible for providing the 
facilities needed for suitable instruction for these unfortunate young- 
sters. Classes must be kept small; the activities best suited to them, 
including construction, simple experiments, and other manipulative 
activities, are difficult to supervise. The classroom for these sections 
should be well stocked with tools, raw materials, simple science equip- 
ment, and art supplies. There must be ample workspace on tables and 
work benches. The library for this classroom needs a wide variety of 
books— not childish books, but books that are profusely illustrated and 
simply written. 

The subject matter of the program should deal largely with concrete 
things with which the pupils ore acquainted. They benefit little from 
the study of abstractions. They should learn about the repair of elec- 
trical equipment, the operation of automobiles and the wise choice of 
clothes rather than about the principles of heat transmission and cell 
division. 

Visual aids that concentrate on practical applications are desirable. 
Those that deal with generalizations may mean little. Though the 
visual aids may be simple in their presentations they must not be 
childish lest they antagonize young people who consider themselves 
adults. 

Pupils in low level sections benefit greatly from project work. They 
can make models, dioramas, and charts. They need opportunities to 
display these and receive recognition for their efforts. The subjects 
for these projects should be practical problems rather than attempts 
to illustrate scientific principles. 

By keeping notebooks these pupils can gain some expej-jcnce in writ- 
ing. Most of the material, however, should be in the form of drawings, 
pictures, and clippings, all suitably labeled and supplemented with 
brief captions. For written material that the teacher considers impor- 
tant a technique may be borrowed from the early grades. The pupils 
talk over what is to be said and dictate it to the teacher who writes it 
on the chalkboard. The pupils then copy it in their notebooks. Thus 
it becomes their written work but they are not penalized by inade- 
quacies of spelling and rules of punctuation. 

Book research should be limited to the search for specifics such as 
the names of foods containing Vitamin C and the names of plants that 
live well in north-facing windows. The pupils may look for recipes, 
for lists of materials needed for projects, and for directions for build- 
ing things. 
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They need special help for any reading assignments. Usually guide 
sheets telling them exactly what to look for and often telling them 
where to find the information are most useful. 

Tests, of course, should involve a minimum of reading and writing. 
Performance and identification tests should be used whenever pos- 
sible. Matching tests and multiple-choice tests, with plenty of prac- 
tice, may be used for measuring understandings that can be verbalized. 

SETTING UP SPECIAL PROGRAMS 
FOR PUPILS TALENTED IN SCIENCE 

If maximum help is to be given to pupils with high scientific apti- 
tudes, a special program must be provided. The program used for 
high level sections under homogeneous grouping is not sufficient be- 
cause in these sections are many pupils with little interest in science 
as a career or even as an avocation. The special program can be much 
narrower and far more intensive. 

The values of the special programs have been amply demonstrated 
in several schools as was discussed in chapter four, The caliber of in- 
struction can be kept high; pupils can be challenged with high level 
problems; the teacher can spend more time on positive guidance and 
less on awakening interests and reinforcing learnings; and the pupils 
tend to stimulate each other. 

Certain administrative problems are involved, however. The special 
sections must be kept small if adequate supervision is to be provided. 
This means that additional room space and teacher time must be 
found, not an easy task in some crowded and overloaded systems. It 
also means complexity in scheduling, especially if the pupils are not 
to be kept together for other classes. These problems are not enough 
to outweigh the values of special science programs but they must be 
taken into consideration, 

identifying the gifted in science. Truly gifted students are marked by 
more than the ability to attain good grades in a standard program. 
Many pupils without special talent attain good grades through hard 
work and perseverance. The truly gifted have a number of other cliar- 
acteristics that must be looked for. 

Various standardized testing devices may be used. Intelligence test 
scores uivc a clue us to general intelligence; gifted students are gen- 
erally considered to inalco up the top 21K of the population and will 
have lO’s above 120. Verbal comprehension tests tell iioav well a piijul 
can re;^- ilifted students are generally e.accllent readers. AI.Mract re.i- 
soning tJsts indicate the power to interi>ret diagrams: tests of ine-cl.am- 
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cal relationships and of spatial visualization deal with other important 
characteristics. 

No single one of the above tests is designed to isolate pupils with 
high talent in science, but taken as a whole they suggest capacity for 
science. They may be supplemented by special science aptitude tests. 
The important thing to remember is that no one lest may be de- 
pended upon. 

Subjective evaluation will also play a part in the detection of the 
talented in science. The following characteristics have been suggested 
for guiding observations: 

1. Extraordinary memory. A boy who in the senior high year of 
high school could give at sight the square of any number between 
1 and 100, or the senior girl who could repeat extensive information 
concerning the planet Jupiter based on her studies in the ninth grade 
are examples of students with extraordinary memories. 

2. Intellectual curiosity. This trait is often indicated by a persistence 
in asking questions and an eagerness to investigate marginal content, 
which usually challenges only those who are intellectually mature. 

3. Ability to do abstract reasoning. This may be revealed by un- 
unsual insight into probable discrepancies and by skill in formulating 
hypotheses from new data. 

4. Ability to apply knowledge to other situations. A student who 
selects formulas and principles appropriate to a new situation and 
evaluates the results is exhibiting such ability. 

5. Persistence in worthwhile behavior. This characteristic is com- 
mon to leaders in science. It is reported that Edison worked con- 
tinuously for 72 hours while working on the wax record. After he was 
80 years of age he began the study of botany. Ho tested thousands 
of plants for rubber in the remaining 4 years of his life. A scientist 
does not give up easily. This type of perseverance should not be con- 
fused with aimless plodding. 

6. Insight i/ito abstractions. Insight is found to an extraordinary 
extent in the scientist and matliematician. Many teachers have had in 
their classes students who always seem to see the answer before the 
problem was completely stated. A student in geometry was asked to 
describe the figure formed by joining consecutively the midpoints of 
the sides of a quadrilateral. He gave the correct answer in a few sec- 
onds and immediately asked what figure would be formed by joining 
the midpoints of the sides of any polygon. Such insight is rare.* 
Selecting pupils for the special program. Before any selection can be 
made, the numbers to be admitted to the program must be deter- 

* Education for the Talented in Mathematics and Science, U. S. Department 
of Healtli, Education and Welfare. Bulletin No. 15, 1952. 
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mined. Too many pupils make supervision difficult; too few may make 
a program impractical from an administrative point of view. The ideal 
number for one person to handle is about twelve. A few more or less 
make no special hardships. Too few can be disadvantageous in de- 
veloping an esprit de corps and in providing the stimulation that comes 
from within the group. It is better to accept some who are not of the 
highest capacity if they will work well with the others. 

Because the final selection will probably come from among the 
honor students, records of grades make a good point of departure. 
The intelligence test scores and reading test scores of these honor 
students may then be checked for indications of high general intelli- 
gence. On the basis of these three characteristics— grades, particu- 
larly in mathematics and science, IQ s, and reading levels~a reasonable 
sized group may be chosen for further analysis. 

Not all of the pupils thus selected will care to enter a special pro- 
gram in mathematics and science. The labor of investigation can be 
reduced by asking an expression of interest at this time, usually after 
a personal interview and with time for conferring with parents. How- 
ever, if the effects of disappointing a large number of pupils is feared, 
this step may be deferred until later. 

The final selection should be made on the basis of specialized tests, 
conferences with other teachers who know the pupils, and personal 
interviews. 

In large systems there may be enough pupils of extremely high 
ability to fill a special section. In smaller systems there may be no 
more than one or two pupils of such high caliber. This should not be 
a deterrent to setting up a special section— pupils of moderately high 
ability benefit from the experience of working up to capacity. John 
Burdick of the Jamesville-Dewitt High School (Dewitt, New York) 
describes the first special section he set up in 1956; 


Selection of students was made on the basis of their demonstrated 
ability, their tested mental ability, and tho judgment of previous teach- 
ers. We finally obtained a class of 14, not counting a Spanish boy who 
was an American Field Service exchange student. TwcKc oniieso 
students fall into the “smart” student catcgoiy. none into the really 
bright” class. One girl was allowed to enter for rcjisons best classed 
as therapealic, and one boy was allowed lo enter in the hope that work 
at a more difficult level might stimulate him to achieve at somewhere 
nearZmttal level. Mci.ul ability- scores r.ingc. from 110 to 123. 
Previous school achievement ranged fiotn cstrcincl) high to, lit the e.i5c 
of the boy mentioned above, barely passing. 

. , . fr,„„ lolin Burdick, scicnec teacher. Jauiesville- 

» I’crsonal coininunicatiou ^ 

Dewill High Scliool. Dewitt. .N. 1.. Jannaij I-. 
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Organizing course content. Commonly special sections deal with ma- 
terials comparable to that whicli Uie pupils would normally study 
under the standard program. Thus in the year when pupils would 
usually elect biology, tho content of the special program is biological 
in nature, but enriched and intensified. 

For ninth grade pupils, earth science is sometimes substituted for 
general science. The reason for this is primarily psychological; tal- 
ented pupils could gain as much by an enriched course in general 
science. 

When the special program is operative for the senior year only, a 
special course that cuts across conventional boundaries may be pro- 
vided. The content of the course set up by John Burdick, referred to 
above, was as follows: 

First semester Second semester 

Logic Astronomy 

Number theory Electronics 

Statistics Relativistic physics 

Calculus Nuclear physics 

Analytic geometry Advanced mechanics 

Non-Euclidean geometry Aerotrautics 

Courses for talented pupils should be organized to permit pupils to 
explore deeply. If too much is crowded into the program, the mate- 
rial will be only superficially covered, and the classes will be turned 
into “cram sessions.” 

Field and laboratory experiences should be utilized almost to the 
exclusion of other approaches because in these situations pupils find 
problems that demand the fullest exercise of their special abilities. 
Any pupils can memorize information presented by the teacher, by 
books, and by visual aids, but only unusual pupils can carry on what 
is the equivalent of true scientific research. 

Students in the special program should carry on individual projects 
that involve original research in so far as possible. Many classes may 
be in the nature of seminars, in which pupils present their problems 
and criticize each other's conclusions. The research need not be origi- 
nal in so far as the field of science is concerned but should represent 
original thinking on ihe part of the pupils. Sometimes they may verify 
results others have obtained; sometimes they may apply previous find- 
ings to new situations. The projects may involve the construction of 
apparatus which, though modeled after existing apparatus, will include 
original features to fit special needs or situations. 
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Suggested activities 

1. For a unit in biology plan a list of activities that may be carried 
out by pupils working in smaU groups. These activities should provide 
for a wide range of interests and abdities. 

2. Plan a imit in physics for a group of gifted pupils. Provide 
opportunity for the pupils to explore this unit in deptli. 

3. Plan a general science unit for a small class of retarded pupils. 
Provide opportunities for individual and group work suitable to these 
individuals. 


Suggested readings 

Baker, H. J., Introduction to Exceptional Children, Macmillan, 1953, 
revised, 1955, pages 282-89. 
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ENCOURAGING READING 
THROUGH SCIENCE 


chapter 18 


Reading has become more im- 


^ V • I xeaamg nas oecome more im- 
portant in the science program than ever before. No teacher today can 
be a master of the whole of the science field. He must depend upon 
books to supplement his program. He must refer pupils to books 
whenever they wish to investigate special topics with some depth. 

As the need for reading has increased, the problems of using books 
have multiplied. Not long ago, boys and girls gained a major portion 
of their education through firsthand experiences outside the school. If 
a pupil picked up a book and read about fermentation or mechanical 
a vantage or sheet erosion, he already had experiences with bread- 
ma 'ng or wheelbarrows or rain-washed fields to give the printed words 
meaning. Today, relatively few boys and girls have the basic experi- 
ences that once were taken for granted. 

In addition pupils in the secondary schools have a much greater 
range of reading abilities now than formerly. At one time the retarded 
^ader received little time or sympathy; he left school at an early stage, 
i oday, a teacher may find in one class pupils of superior reading ability 
and pupils who, for all educational purposes, may be classed as non- 
readers. This diversification intensifies the problems of using reading 
materials. o o 

On the positive side, both the quality and the quantity of science 
books for young people have increased greatly. There was a time when 
the science textbook had to be relied upon for most of the reading that 
could be done in the science program. Today, libraries contain hun- 
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dreds of attractive, well-written and informative books that fit almost 
any interest and any degree of reading skill. 


THE CHARACTERISTICS OF SCIENCE 

READING MATERIALS AND THEIR READERS 

Reading provides experiences, which, though vicarious in nature, can 
be truly educational to pupils equipped \vith adequate skills and in 
possession of a sufficient experience background to make the words 
meaningful. 

But it must be remembered that books and other reading materials 
have severe limitations in their usefulness. Printed words and punctua- 
tion marks are symbols that are intrinsically meaningless. Before they 
can serve their function pupils must be able to interpret them. 

Functions of reading materials in the science program. Reading mate- 
rials can be made to serve the following functions in the science 
program: 


1. Description 

2. Explanation 

3. Recall of past experience 

4. Summary and organization 

5. Suggestions and inspiration for new experiences 

6. Problem setting 

7. Persuasion 

8. Developing an appreciation for scientific achievements 

9. Developing an understanding of the scientific method 
10. Developms ^ scientiBc alUlude 


Reading materials vary in their Btness for filling the above functions. 
Textbooks and encyclopedi.as, because of their concise writing, are 
excellently adapted for summ,ary and overview, but they are not well 
suited for adequate descriptions; oven their explanations tend to he 
too terse for proper understandings because they cannot deal with ex- 
ceptions and uncertainties at sufficient length. 

The best descriptions and the most adetiuate explanations for young 
people will be found in specialized books written for this age level, in 
pamphlets published by hulnslries as an cdueat.onal service and in 
arUeles printed in scini-professmnal journals siieli as \nl„ral Ihslory. 
The latter two sources are usually we I illustrated. 

Home experiment books give eveellent sugges ions for new e.xj,en. 

noine e.xp S|)ccial departments m jMpiilarized sci- 
ences of the SnggLtioiis for fidd e.xperie„ees, 

ence magazines . „iji,cd indirectly from books and nugaziius 

however, must usuaii) oi- b _ 

describing things to do on o 
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Biographical sketches of scientists point out the importance of the 
achievements of these men, the methods they used in solving their 
problems, and attitudes that governed their actions. Thus biographies 
help give an understanding of the ways of scientific research. The best 
of the sketches appear in popular magazines and in pamphlets pub- 
lished by industries. Longer accounts arc found in book-length biog- 
raphies. 

A negative approach to the development of scientific attitude can be 
found in books and magazine articles that call attention to spurious 
claims of advertisers, self-styled "healers,” and the like. Teachers may 
also use the same approach in a classroom analysis of advertising mate- 
rials and other claims. 

In addition to the biographical sketches referred to above, other 
articles in popular magazines describe the achievements of science and 
point out the importance of those described. Some of these articles 
are so well written that they should be added to a teacher’s file of 
resource materials. 

The limitation of reading materiaU. The most serious limitations of 
books and other printed materials are the limitations of words in gen- 
eral. Words are symbols; they have no meaning in themselves. They 
must be given meanings by their users. Both the writer and the reader 
must have had comparable experiences if they are to attach the same 
meaning to words. The less similar their backgrounds, the less exact 
will be communication between the two. This problem is probably 
more acute in science than in most other fields. 

Additional problems arise when formulas, equations, graphs and 
cross-sectional diagrams are incorporated into the reading material. 
Many a pupil who can interpret common words is helpless when faced 
with such an expre.<;sion as .65 X 10-®. Tlie fault is not his; he has not 
been prepared for this type of reading. 

The skill of the writer is an important factor; many failures to com- 
municate must be attributed to the writer rather than the reader. If 
he includes too many thoughts in one sentence, if he does not punc- 
tuate carefully, or if he uses clumsy sentence construction, he will 
confuse many of his readers. If he allows just one extraneous thought 
to creep into a sentence, he may cloud its meaning; for want of a clear 
sentence, the meaning of a paragraph may be lost. The teacher with a 
strong background is able to jump past omissions and crude sentence 
construction without losing the context, but he cannot expect the same of 
pupils who are striving to interpret completely new material. 

Even minor faults may confuse or discourage young readers. Type 
size that is too large or too small is known to represent a handicap. 
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Pages containing large masses of unbroken type, pages that are clut- 
tered, pages with long lines of print-all interfere with effective reading. 

The limitations of readers. Just as there are no perfect reading mate- 
rials so there are no perfect readers. All pupils come into the secondary 
school with reading skills imperfectly developed, All need oppor- 
tunities for e.xtensivc practice. The “reading problem” extends to su- 
perior readers as well as to retarded readers; none should be denied 
opportunities to improve their skills. 

Chapter two describes the range of reading abilities to be expected 
in unselected groups of secondary school pupils. Most of the pupils 
cluster about a norm, half above and half below; a few spread out at 
the extremes. This is tlie normal distribution curve. 

The nature of the norm must be understood. It is an aitificial stand- 
ard determined by administering arbitrarily selected samples of read- 
ing material to a fairly large number of youngsters. The norm does not 
represent an ideal attainment. It should not be considered a standard 
for success. It is not stable; over the years, if the general reading of 
pupils should rise, the norm will rise correspondingly, leaving an equal 
percentage below the norm. All tliat can be determined by the norm 
is the identity of pupils who read more skillfully or less skillfully than 
the bulk of their fellows, “lletarded” readers are inevitable and m’.ist 
be planned for, not condemned. 

BUILDING READING INTO THE SCIENCE PROGRAM 

Books and other reading materials are specialized teaching devices; 
they cannot be taken for granted. Deliberate planning is needed to 
utilize fully the m.-iximum potentialities of each type. 

Reading as a primary source of information. There are areas of 
science for which reading materials provide the only practical sources 
of information in the secondary school. Though the suitability of these 
areas for this level may sometimes be challenged, there may be good 
reasons for including them in the program. The dependence upon read- 
ing materials must then be recognized and planned for. 

The topic for study was the nature of the solar system. Mr. Hanson wrote 
a list of questions on the blackboard and asked his pupils to find the answers 
in encyclopedias, supplementary textbooks, and other books in the classroom 
library. 

This technique of providing pupils with specific questions is helpful 
for those individuals who cannot separate essential information from 
unessential information as Urey read. Another technique simihir to the 
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above breaks the class into groups, each of which has a different assign- 
ment. 

Miss Helmet divided her class into twelve groups and asked each to choose 
one of the members of the solar system for special study. The class then 
adjourned to the school library for the remainder of the period. The next 
day the groups reported on their findings. Many had done outside reading 
at home and in the community library. 

Reading to follow up direct experiences. This \s one of the most satis- 
factory uses for reading materials. The pupils encounter real problems 
and are motivated to read. They have gained a background that makes 
their reading meaningful. 

A chemistry class had visited an agricultural supply center to become ac- 
quainted with the large number of organic and chemical fertilizers for sale 
there. The information on the labels raised many questions about the origin 
of the fertilizers, the chemistry of their action, and the influence each had 
on plant growth. Back in the classroom the pupils were referred to agricul- 
tural bulletins and textbooks, to advertising pamphlets, and to home garden- 
ing manuals which were provided for them. 

Firsthand experiences may be planned deliberately to make use of 
publications that are available. This technique does not change the 
supplementary role of the reading material in the learning process. 

Miss Baldwin had in her resource flics twenty copies of a nature study bul- 
letin on spiders. Before giving out the bulletins she took her class out to 
look for “funnel-web” spiders on the school lawn. The pupils, working in 
pairs, located the different portions of the webs. Back in the classroom, 
after the pupils raised many questions about the function of these parts. Miss 
Baldwin referred them to the btiUetins for answers. 

Readings may be used to give information about experiences pupils 
have had at an earlier time. This teclinique may not be completely 
satisfactory unless all pupils have had these experiences and have been 
impressed by them. There will almost always be need for some pre- 
liminary review. 

Nearby Lake Goodwin, the only sizable body of water for miles around, was 
a popular recreation area. Mr. Larssen planned a ninth grade science lesson 
on tfs formation. He opened the lesson tcilh a discussion about the charac- 
teristics of the lake: its general shape, length, width, deep arid shallow areas 
—information that could be gained by boating, swimming and fishing. This 
information was summed up on a map which Mr. Larssen sketched on the 
blackboard. 
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Mr. Larssen then iermed the lake an “oxbow" lake and suggested that the 
pupils read about these lakes in the books he had provided, trying as they 
read to account for the origin of Lake Goodwin. 

Reading to follow*up discussion. Out of the discussion of interesting 
topics, questions inevitably arise. Many of these questions are best 
answered by suitable readings. 

A popular high school couple were overcome by exhaust fumes in a parked 
car but were revived through prompt action of the police. Mrs. Dunning 
mentioned the event in her biology classes the following day. Pupils im- 
mediately began raising questions about the effects of carbon monoxide, the 
time needed for recovery, and the like. Mrs. Dunning helped the pupils 
clarify their questions, organize themselves into groups, and use various 
available references to find answers. 

Reading to set problems. Out of certain types of reading arise ques- 
tions which lead to other activities— experimentation, field observations, 
and the like. 


A science bulletin to which the science classes subscribed printed an article 
on tent caterpillars. Pupils were able to recognize these insects but knew 
little about life histories and specific habits. They found the article interest- 
ing and wanted to take a field trip to look for some of the characteristics 
described. 


Controversial material is useful in setting problems. Out of the argu- 
ments arise questions that pupils want to solve. 

George reviewed a book on Mars for his class, using an opaque projector to 
show some of the illustrations. One view gave an artist’s conception of a 
Martian landscape with its “canals." The teacher asked how wide a canal 
would need to be to be visible from the earth. The resulting controversy 
touched off many other issues, and the pupils became eager to know how 
astronomers arrive at the facts and figures so commonly published. 


Reading to suggest activities. Reference has already been made to the 
many excellent books of experiments and science projects that have 
been written for young people. (See appendix for a listing of such 
books ) There are several techniques for using these books. 

Pupils may be assigned certain tasks which require the use of tliese 
books Teams of pupds may be asked to look up directions for carry- 
infr out specified experiments or demonstrations. Or the pupils ma/ 
be^given freedom to look for acUviUes of their own choice, 
r. ■ V on clectrocbemisinj, the class was diaided into 

mala The groups were asked to look in the earioio, books 
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assignment sheet /or demonstrations of electrolytic processes that could be 
presented to the class. The following day the groups selected the demon- 
strations they would like to present and began necessary preparations. 

Pupils may be encouraged to find suggestions for activities that are 
not closely associated with regular class work. They may present their 
results during time regularly set aside for special reports. 

Each Tuesday, the eighth grade science teacher provided time for special 
reports. One day two boys demonstrated a model reaction turbine. The 
teacher asked the boys to tell where they found the directions for the dem- 
onstration. The boys showed the book to the class and gave a brief review 
of its contents. 

The teacher may put a book of activity suggestions in the liands of a 
pupil who seems in need of special challenge. 

Josephine’s biology teacher suggested that she might be interested in a bul- 
letin put out by a natuwl history museum. Josephine was fascinated by the 
suggestions for preparing dioramas. She chose to make a diorama of sea- 
shore life, a project that became almost a family a§air after she persuaded 
her parents to take her to the coast for specimens and to museums for ideas. 

Using books to ansv^er irrelevant questions. A teacher often hears 
questions which seem too important to be ignored but which if recog- 
nized properly would divert seriously the line of thinking of the class. 
Sometimes he can refer the questioners to suitable books. 

During a discussion that followed experiments with buoyancy in fresh and 
ocean water, one boy raised a question about the nature of the salt in ocean 
water and whether tt was the same as the tabic salt used in the experiments. 
Not wishing to dioerf the attention from the subject of buoyancy, but realiz- 
ing that this one pupil had a point that might be profitable if explored 
further, the teacher gave the pupil two specific references in which suitable 
tn/ormafion might be found. 

The practice of referring pupils to books for answers to their ques- 
tions can be abused. Whenever possible specific sources should be 
mentioned; otherwise the teacher should help the pupils find references 
at the first available opportunity. The pupils should also have oppor- 
tunities to present their findings to the class as a form of recognition 
for their efforts. 

Using books to provide for individual differences. Because reading is 
largely an individual activity, books and other reading materials enable 
pupils to follow up their own special interests and work at their own 
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rates. If these reading materials are appropriate for many different 
degrees of reading skills, all pupils may use them. 

An assortment of books helps take up some of the slack that de- 
velops when pupils are working on uniform assignments. Inevitably 
some pupils finish ahead of others. Since these rapid workers are 
usually good readers tliey turn freely to books while their classmates 
are finishing their tasks. 

In addition, a teaclier finds time during periods of assigned reading 
for individual conferences. If the materials provided are interesting 
and the purposes for reading are clear, little supervision is needed. 


TECHNIQUES FOR DIRECTING PUPILS 
TO READING MATERIALS 


It is not enough just to have reading materials available. Many pupils 
do not turn freely to books. All pupils need help and encouragement 
in using reading materials wisely. 


Preparing uniform reading assignments. Uniform reading assign- 
ments are desirable when a book or pamphlet contains a block of in- 
formation that is so well presented that each pupil should have contact 
with it. It is unfortunate that so many teachers apply no such criteria 
to the subjects of their assignments. Their indiscriminate use of uni- 
form assignments wastes much pupil time and energy and dulls their 
enthusiasm for science. 

Uniform assignments are most commonly made for readings in text- 
books but they may be made for readings in supplementary materials 
as well Sometimes teachers have bulletins and pamphlets in sufficient 
quantities for class use. There are also ways to make assignments so 
that all pupils are able to read the same passages in one copy of a book. 


Miss Williamson planned a short biology unit on human inheritance. She 
prepared an assignment sheet that included among the required activities 
several readings in books that she provided. The books were nil single 
copies and Miss Williamson cxplainal as she gave out the sheets that they 
should use the books whenever they were available. She asked for volun- 
teers to begin reading the books immediately. 


reading assignments. Sometimes a teacher may pre- 
Using a variety o read, .elect those 

th^y wishto work on. Usually more than enough topics should be listed 
iney wish lo choose have some choice. 

'“if the‘problems are simple, perhaps no more than a single riuestion 
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to be answered, pupils may report their findings orally while the 
listeners record the answers on their own question sheets. 

Thirtij-five species of insects were collected on a biology field trip. The 
teacher asked each pupil to select one insect and read about its eating habits 
and life pattern. As reports were made, the pupils entered the information 
in a table in their notebooks. Afterwards, several pupils volunteered to in- 
vestigate the remaining species in order that the table be eomplete. 

With more complicated problems it may be better to center each one 
about the preparation of a visual aid for which reading is necessary. 
Sometimes assignments to small groups rather than to individuals will 
prove more satisfactory. 

During the study of sound each pupil in a physics class was asked to choose 
a musical instrument which he would explain to the class. Each was to 
consider the means by which the sound is produced and the pitch varied, 
and the factors affecting the quality of the sound. He could make use of 
demonstrations, charts, toy instruments and the actual U^triiments in 
making his presentation. 

Voluntary assignments. A teacher may ask for volunteers to investigate 
certain subjects and report back to the class as a whole. These as- 
signments may have been planned in advance or they may be a spon- 
taneous outgrowth of situations that arise in class work. Such assign- 
ments should be based as much as possible on reading materials 
available to the pupils. It is discouraging to volunteer for an assign- 
ment only to discover that the needed information is not available. 

The teacher may call for volunteers from the class as a whole or he 
may ask specific pupils if they would be willing to undertake the 
assignments. This last procedure is advisable if the only reading ma- 
terial is so advanced that high academic ability is needed to interpret 
it. Otherwise, some of the poorer readers may find themselves in 
frustrating situations. 

Group reading assignments. Although reading is generally considered 
an individual activity, there are situations in which groups may profit- 
ably undertake special reading assignments. Sometimes a problem may 
be subdivided to give each pupil a special task. Sometimes pupils may 
bring together the results of their readings for comparison. 

A group of physics students volunteered to compare what a inimber of 
textbooks, supplementary books and encyclopedias said about the nature of 
iight. The pupils summarized the information for the class and presented 
the different viewpoints to point out the unccrfoinfy existing in the minds 
of the authors. 
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The ^'reading specialist" in group work. In certain types of group 
work each member has special responsibilities. Commonly a person is 
needed to do book research. 

A biology class undertook a bird census around the school in areas that 
contained several different habitats. The class teas divided into groups, 
one for each special area. 

The personnel of each group consisted of a chairman, a recorder, a cartog- 
rapher to prepare a map, and an artist to make diagrams. One pupil icas 
to organize the final report and a librarian was chosen to he responsible 
for the field guides and for organizing the reading about the life histories 
of the birds seen. 


Oral readings in class. Occasionally short passages from books or 
magazines can be given special emphasis through oral reading. Either 
the teacher or the pupils may do the reading. However, a great deal 
of care should be used in selecting both the material and the reader. 
Long, involved selections read by an incompetent and uninspired 
reader can be deadly. Generally such selections should be limited 
to a paragraph or two of material well written from the standpoint of 
a listener— short direct sentences, commonplace words, and a lucid 
style. The reader, of course, should be someone with adequate if not 
superior oral reading ability. 

Using library facilities. An acquaintance with the books in the school 
library makes it possible for the teacher to make definite library as- 
signments with confidence that pupils can find the material needed. 
It is common practice to send single pupils or small groups o no 
more than four to the library during class periods to do special book re- 
search. These pupils should have specific assignments and should have 
Worked out exact procedures before being sent to the i rary. ler 
wise they waste time and even become discipline problems. 

When libraries have the facilities for class work, they welcome the 
presence of an entire class under the supcrvisio.i of tire teacher. A - 
rangements should be made in advance so that tlicrc are no con ^ 
With other groups. The pupils should know e^sactly what ^ 

do in the library and should have their order of procedures worked out 

in advance. 

Using homa and community focilities. Many 

■h.aga^i„es at honre that ntay be used in the.r ^ j 

also have access to hooks in comimiinty lihrants. Tl c) 

houraged to make use of these resources. reading 

All assignments for the use of home ant comn 1’ . | ' .„jl 
materials Should he completely voluntary, .ts not all puptU lute 1 
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to be answered, pupils may report their findings orally while the 
listeners record the answers on their own question sheets. 

Thirttj‘five species of insects were collected on a biologtj field trip. The 
teacher asked each pupil to select one insect and read about its eating habits 
and life pattern. As reports were made, the pupils entered the information 
in a table in their notebooks. Afterwards, several pupils volunteered to in- 
vestigate the remaining species in order that the table be complete. 

With more complicated problems it may be better to center each one 
about the preparation of a visual aid for which reading is necessary. 
Sometimes assignments to small groups rather than to individuals will 
prove more satisfactory. 

During the study of sound each pupil in a physics class was asked to choose 
a musical instrument which he would explain to the class. Each was to 
consider the means by which the sound is produced and the pitch varied, 
and the factors affecting the quality of the sound. He could make use of 
demonstrations, charts, toy instruments and the actual histruments in 
making his presentation. 

Voluntary assignments. A teacher may ask for volunteers to investigate 
certain subjects and report back to the class as a whole. These as- 
signments may have been planned in advance or they may be a spon- 
taneous outgrowth of situations that arise in class work. Such assign- 
ments should be based as much as possible on reading materials 
available to the pupils. It is discouraging to volunteer for an assign- 
ment only to discover that the needed information is not available. 

The teacher may call for volunteers from the class as a wliole or he 
may ask specific pupils if they would be willing to undertake the 
assignments. This last procedure is advisable if the only reading ma- 
terial is so advanced that high academic ability is needed to interpret 
it. Otherwise, some of the poorer readers may find themselves in 
frustrating situations. 

Group reading assignments. Although reading is generally considered 
an individual activity, there are situations in which groups may profit- 
ably undertake special reading assignments. Sometimes a problem may 
be subdivided to give each pupil a special task. Sometimes pupils may 
bring together the results of their readings for comparison. 

A group of physics students volunteered to compare what a number of 
textbooks, supplementary books and encyclopedias said about the nature of 
light. The pupils summarized the information for the class and presented 
the different viewpoints to point out the uncertainty existing in the minds 
of the authors. 
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The reading specialist" in group work. In certain types of group 
work each member has special responsibilities. Commonly a person is 
needed to do book research. 

A biology class undertook a bird census around the school in areas that 
contained several different habitats. The class was divided into groups, 
one for each special area. 

The personnel of each group consisted of a chairman, a recorder, a cartog- 
rapher to prepare a map, and an artist to make diagrams. One pupil was 
to organize the final report and a librarian was chosen to be responsible 
for the field guides and for organizing the reading about the life histories 
of the birds seen. 

Oral readings in class. Occasionally short passages from books or 
magazines can be given special emphasis through oral reading. Either 
the teacher or the pupils may do the reading. However, a great deal 
of care should be used in selecting both the material and tlie reader. 
Long, involved selections read by an incompetent and uninspired 
reader can be deadly. Generally such selections should be limited 
to a paragraph or two of material well written from the standpoint of 
a listener— short direct sentences, commonplace words, and a lucid 
style. The reader, of course, should be someone ^vith adequate if not 
superior oral reading ability. 

Using library facilities. An acquaintance with the books in the school 
library makes it possible for the teacher to make definite library as- 
signments with confidence that pupils can find tlie material needed. 

It is common practice to send single pupils or small groups of not 
more than four to the library during class periods to do special book re- 
search, These pupils should have specific assignments and should have 
worked out exact procedures before being sent to the library. Other- 
wise they waste time and even become discipline problems. 

When libraries have the facilities for class work, they welcome the 
presence of an entire class under the supervision of the teacher. Ar- 
rangements should be made in advance so that there are no conflicts 
with other groups. The pupils should know exactly what they are to 
do in the library and should have their order of procedures worked out 
in advance. 

Using home and community facilities. Many pupils have books and 
magazines at home that may be used in their study of science. Pupils 
also have access to books in community libraries. They should be en- 
couraged to make use of these resources. 

All assignments for tJ)e use of home and community library reading 
malcrials should be completely voluntary, as not all pupils h.iio e<iu.il 
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ment only to discover that the needed information is not available. 
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may ask specific pupils if they would be willing to undertake the 
assignments. This last procedure is advisable if the only reading ma- 
terial is so advanced that high academic ability is needed to interpret 
it. Otherwise, some of the poorer readers may find themselves in 
frustrating situations. 

Group reading assignments. Although reading is generally considered 
an individual activity, there are situations in which groups may profit- 
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be subdivided to give each pupil a special task. Sometimes pupils may 
bring together the results of their readings for comparison. 
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The "reading specialist" in group work. In certain types of group 
work each member has special responsibilities. Commonly a person is 
needed to do book research. 

A biology class undertook a bird census around the school in areas that 
contained several different habitats. The class was divided into groups, 
one for each special area. 

The personnel of each group consisted of a chairman, a recorder, a cartog- 
rapher to prepare a map, and an artist to make diagrams. One pupil was 
to organize the final report and a librarian was chosen to be responsible 
for the field guides and for organizing the reading about the life histories 
of the birds seen. 

Oral readings in class. Occasionally short passages from books or 
magazines can be given special emphasis through oral reading. Either 
the teacher or the pupils may do the reading. However, a great deal 
of care should be used in selecting both the material and the reader. 
Long, involved selections read by an incompetent and uninspired 
reader can be deadly. Generally such selections should be limited 
to a paragraph or two of material well written from the standpoint of 
a listener— short direct sentences, commonplace words, and a lucid 
style. The reader, of course, should be someone with adequate if not 
superior oral reading ability. 

Using library facilities. An acquaintance with the books in the school 
library makes it possible for the teacher to make definite library as- 
signments with confidence that pupils can find the material needed. 

It is common practice to send single pupils or small groups of not 
more than four to the library during class periods to do special book re- 
search. These pupils should have specific assignments and should have 
worked out exact procedures before being sent to the library. Other- 
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All assignments for the use of home and community library reading 
materials should be completely voluntary, as not all pupils have equal 
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access to them. The pupils themselves usually volunteer information 
about the books they have at home and the teacher may acquaint him- 
self with the titles in the public library. Suggestions for research may 
then be given to specific pupils. 

All completed assignments should be given special recognition 
through time for oral reports or through space for displays resulting 
from the book research. Such rew'ards encourage the pupils to continue 
with their outside readings and stimulate other pupils to undertake 
reading assignments for tliemselves. 

Encouraging free reading In science. Science teachers should remem- 
ber that science is apt to produce extremes of interest and that these 
differences will show up in reading .achievements of their pupils. A 
highly interesting program has the effect of shifting the ability curve 
towards the high end, as pupils put additional effort into their reading. 
Conversely, if the program is dull and if reading materials are used 
unwisely, the effect is to shift the curve the other way. 

Pupils may read for one or more of several reasons: because they 
have a problem they want to solve, because through reading they 
can escape into another world; because they want to please the teacher; 
because they wish to work with close friends; or because they want the 
prestige that knowledge gives. Teachers may make use of all of these 
motives in the science program. 


STIMULATING PUPILS TO READ 

Even the most avid readers need occasional encouragement to direct 
their efforts into more profitable fields. And reluctant readers must be 
confronted by carefully planned situations if they are to be challenged 
into using reading materials effectively. 

Problem setting. Problem setting is used throughout the science pro- 
gram to stimulate activities of many kinds. It is the single most ef- 
fective teclmique for encouraging reading. 

Miss Carpenter asked her biology pupils to recall hoio they felt when 
alone in the dark and a bit frighiencih They described some of their sensa' 
lions— awareness of slight sounds, a tendency to jump at unexpected noises, 
rapidly beating heart, sweating, a feeling of puttie. She then asked them to 
describe how they felt when very angry. The pupils mentioned the quick' 
cned heart rate, a feeling of stren^h and a tendency to rashness. One girl 
mentioned that she felt sick afterwards. 

Miss Carpenter raised the question of the situations in which these rC' 
uctions migfit he useful. She cited the example of a soldier scouting alone 
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in enemy-held territory who later would be engaged in hand-to-hand 
combat. The pupils discussed these and other situations. 

Finally, Miss Carpenter raised the question of what happens to speed up 
heart action, increase awareness, and bring on the other reactions discussed. 
She suggested that the pupils read about the adrenal gland and its functions 
in the various books she provided for this purpose. 

Pupils may also be encouraged to set up their own problems re- 
sulting from interest in mutual experiences in or outside the classroom. 

An unusual fall thunderstorm killed one of two men who sought shelter 
under a tree. The ninth grade pupils immediately were curious about the 
reason for the death of only one man while his companion only a couple of 
feet away was unharmed. The science teacher explained that he did not 
know much about the action of lightning and suggested that the pupils make 
a list of questions that would likely be answered by looking in books and 
other references. While the pupils listed the questions, the teacher looked 
in his files for clippings and bulletins and borrowed several resource books 
from the library. 


Individual pupils may sometimes be challenged by special problems. 

During a demonstration of the mercury barometer, the seventh grade had 
its first experience with mercury. Mr. Hanson cautioned the pupils about 
getting mercury on rings or bracelets and showed them an inexpensive ring 
that had lost some of its plating by contact with mercury. One boy asked if 
the gold could have been recovered from the mercury. Mr. Hanson asked 
if any of the pupils had been to a former gold mining district in a different 
part of the state. Several pupils had been there. Mr. Hanson explained 
that mercury had been used in the recovery of gold at these mines and 
suggested that anyone interested might read and report the process that 
was used to recover the gold. The boy who raised the original question 
volunteered to look for the answer. Another who had visited one of the 
abandoned mines offered to work with him. 


Utilizing interests in experiments and project work Many Pupds enjoy 
experiments and science projects. They turn rea i y ^ we i us ra e 
and excellently written books describing things to do in science. A 
teacher need only display the books or mention them bnefly o msure 
their use. The readefs include pupils with many degrees of ab. l ly^ 
The very poor readers may spend hours svrth these books, locabng 
suitable acHvities and carrying them out. Or the same pup.ls may read 
the books wiftout carrying out the acUvities. They seem “ 

perform the experiments in imagination while enjoying vtcariously 
the excitement of experimentation. 
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Mr. Pack put a copy of a book describing projects with paper milk cartons 
in his classroom. For a month, one boy read the book during much of his 
spare time in school and even borrowed the book to take home for several 
nights. But during that time he did not undertake a single one of the proj- 
ects in so far as Mr. Pack could determine. 

Partnership reading projects. Adolescents like to work together and 
may often volunteer for reading projects when two or more can work 
at the same time. 

A question was raised in Mrs. Latimer s eighth grade science class about 
the way the age of the earth has been estimated. Mrs. Latimer suggested 
that anyone interested might do some special reading to find out more about 
the subject. The next day two boys brought in a special report. One boy 
had a set of encyclopedias at home and had invited a close friend to spend 
the evening with him looking up the information. 

The boys were probably motivated in large part by their desire to 
bo together for the evening. However, this does not diminish the im- 
portance of their having spent some time reading. They might other- 
wise have devoted this time to less profitable activity. 

Providing free time for reading. Some pupils will read if they are 
given class time but will rarely turn spontaneously to books outside 
school hours. Once having started on a book or pamphlet however, 
these same pupils may become sufficiently interested to finish the read- 
ing material on their own time. This is an important argument in favor 
of providing free class time for reading. This time may be provided 
for working on specific reading assignments or for working on one of a 
variety of assignments listed by the teacher. Reading time may also 
be provided for free choice from any available reading materials. Not 
all pupils need to be given reading time simultaneously. Pupils who 
complete other work in advance of the class may be given time until 
the others catch up. Some pupils may be given the privilege of reading 
while others carry out different activities. 

Encouraging browsing. Fortunate is the teacher who has a classroom 
1 ra^ made up of a rich assortment of books and pamphlets. These 
may e set out for pupils to look through whenever they have free time. 

In this situation, many pupils discover books that they would not other- 
wise encounter. Lacking a classroom library, the science teacher may 
borrow assortments of books from the school library for short periods. 

He may supplement these with free or inexpensive pamphlets obtained 
rom industry and governmental agencies. Such materials for browsing 
need not necessarily be relevant to the material under consideration 
by the class. 



Encouraging reading through science 


469 


Providing interesting associations for reading materials. Interest- 
capturing displays may be supplemented by pertinent reading matter 
in which pupils may find ans\vers to questions that arise from the 
displays. 

Mr. Cole displayed the empty shells of several kinds of turtles together with 
a terrarium containing a live wood tortoise. Beside the display he placed 
a well illustrated book on turtles. Later he found that all the pupils in his 
science classes had at least thumbed through the book and several had read 
it completely. 

Providing samples of interesting reading materials. Elementary 
school teachers commonly use the technique of reading samples of 
books to their pupils to awaken interests in the books. Science teachers 
may employ the same technique. 

Mrs. Bates read a section of Paul DeKruifs Microbe Hunters aloud to her 
ninth grade science classes. In each class two or three girls asked if they 
could borrow the book. 

Voluntary book reports by the pupils. Well-presented book reports 
sometimes awaken interests in the books reviewed. Pupils usually need 
help in making the presentations interesting. Tliey should be per- 
suaded to give examples from the books rather than a superficial 
treatment and they should be encouraged to use visual materials when- 
ever possible. 

Two boys of Mr. Rice’s general science class gave a review of a book pre- 
senting many interesting experiments in chemistry. During the presenta- 
tion they performed one of the experiments described in the book. 

Frequently pupils can find visual materials described in the books 
they read; these they may use to illustrate the points made by the 
books. Maps, blackboard diagrams, charts and large pictures are 
helpful. 

Using science fiction. Charles C. Smitl), u teacher of physics and 
chemistry, believes that science fiction h.is a place in the science pro- 
gram. He writes; 

Science fiction is gener.iUy thought of as a development in the present 
century, but aclu.any it lus a history extending far into the p.ist. Anthol- 
ogists list .iinong its early examples: Plato's Atlantis, .More's Utopui. 
and Bacon’s The Sew Atlantis. Tliej* continue uilii such names os 
Swift, Defoe, Kepler, Poe, \'eme, Bellamy, Wells, Bucliaii. 

Here is a great motivation force throssn right into ovir laps What 
arc %\e going to do alx>ut it? Can sve afford to ignore the resjwnsibihly 
of guiding our students llirongh the gor>d, had, and indiifcrciit grades 
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of science fiction that beckon to them from newsstands, radio, and tele- 
vision? Do we have the vision to see that if wisely selected we can use 
it for motivation and teaching? ’ 


DEVELOPING SPECIAL READING SKILLS 

Pupils constantly encounter in the science program new words, new 
formulas, and other unfamiliar symbols. They need help with these. 

Learning new words. Whenever possible, new words should be associ- 
ated directly with the things they represent. These words should not 
be given orally onlyj pupils must see what the words look like if 
they are to recognize them during their reading. Carefully printed 
labels attached to objects represent one of the best ways for insuring 
desirable associations. Pupils may set up these displays. 

Two boys set up a display of electric motors for their classmates. One 
model luid colored strings leading from its major components to labels on 
the bulletin board behind the di^laij table. The other motor could be 
operated by pressing a switch. With the second motor was a list of ques~ 
tions about the motor, which, to be answered, required a knowledge of 
terms. 

Good models and photographs, though not quite so effective, can be 
used in presenting new words when actual materials are not avail- 
able. Diagrams should be depended upon only as a last resort and 
even then every effort should be made to help the pupils know what 
the diagrams represent. When used with real materials, however, 
diagrams are of great value. 

Mrs. Richards gave her pupils the flowers of narcissus plants, razor blades 
and cross-sectional diagrains of the flowers. She asked the pupils to cut open 
the /lowers and identify each of the labeled parts. 

The more times an association is made, the greater the impact. As- 
sociations may well be made through several different approaches. If 
a word is considered essential, not only should there be several associa- 
tions made during the presentation of the word but so also should 
there be reteacliing to insure mastery. 

A teacher may list words he expects pupils to encounter and ask 
the pupils to check on the definitions in dictionaries and glossaries. 
Better yet he may ask the pupils to skim through assigned reading and 
pick out doubtful words themselves. However, it should be remem- 
bered that dictionary definitions are but words and may be of no 

> Smitli, Charles C., "Science Fiction— Asset or Liability?" The Science 
Teacher, October, 1953. 
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more meaning to a youngster than the original word. There can be no 
substitute for associations with real things and conditions. 

Many science words are composed of familiar prefixes, roots, and 
suffixes. During the presentation of one of these words the teacher 
may help pupils analyze the word to arrive at its meaning. For ex- 
ample, a teacher may write the word micrometer on the chalkboard 
and then divide it into two parts. He might ask the pupils to name 
as many words beginning with micro- as they can; they might list 
microscope, microbe, and microwave. The teacher would then call 
to their attention that all of these words are associated with something 
small. Next he would deal with -meter in the same way and the pupils 
would see that the word means “measure-small." 

For practice with words some teachers use crossword puzzles and 
word games. Each additional experience of this kind adds to the 
mastery of words. 

Teaching chemical formulas and other symbols. Physics and chemistry 
utilize symbols more than the other sciences. It may be that part of 
the difficulty of these courses is due to the introduction of symbols 
without sufficient preparation; certainly the basic concepts in these 
subjects are not difficult to grasp. Table 14 gives the results of a study 
of the use of mathematical terms in textbooks and illustrates why un- 
prepared pupils have difficulty with physics. A similar survey of the 
use of formulas and equations would show why tlie same pupils would 
have difficulty with chemistry. 


Average number oj 
different difficult 
Textbook words per book 
Physics 1407 

Chemistry 1901 

General science 2109 
Biology 3019 


Average number of 
different difficult 
mathematical terms 
per book 
159 
90 
103 
81 


Average percentage 
of different difficult 
words that are 
mathematical terms 
11.3 
4.7 
4.9 
2.6 


TABLE 14. Comparative frequenaj of occurrence of different words in se- 
lected textbooks in four high school subjects. (Curtis, Francis D., ‘The 
Mathematical Vocabulary Used in Secondary School Textbooks of Science, 
journal of Educational Research, October, 1944. ) 


Teachers are constantly devising new techniques for helping pupils 
grasp the significance of abstract syml>ols. Various types of flash- 
cards are used for quick recall. Card games resembling the game of 
“authors” arc used to review knowledge of groupings; a cheniistiy 
teacher has made one that uses the symbols for the chemical cleinenls. 
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FIGURE 17. A flannel board. Elements with a positive valence are prepared 
with semi-circular projections on the right side (A). Elements andradicaU 
with negative valences are prepared by placing on the left side indentations 
that match the projections on the elements with positive valence (B). Bii 
combining the positive and negative elements and radicals (C), it is possible 
to show graphically why two atoms of hydrogen unite with one atom of 
oxygen, while only one atom of hydrogen is necessary to unite with one atom 
Of chlorine, and why two atoms of iron will unite with three sulfate radicals. 
(Lape, Richard H., “A Device for Teaching Formulas and Equations," The 
bctence Teacher, March, 1952.) ^ 


Fipre 17 shows a "flannel board" which one teacher uses to help 
pupils understand chemical formulas. The cut-outs are backed with 
sandpaper so that they will hold to the flannel-covered display board 
w len pressed in place. As can be seen, cut-outs representing elements 
wi 1 positive valences have semicircular projections and cut-outs 
representing elements with negative valences have cusps. The cards 
may be put together to represent various compounds.® 

Molecular structures are commonly illustrated with sticks, wire, 
balls ol clay, and with wooden construction sets. Commercial models 

S,'.VMawh° Ts” Eqa-i"-." Tl«, 
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are also available. Atomic models are sometimes illustrated with vari- 
ously colored thumbtacks representing electrons, protons, and neutrons, 
pressed into a tack board on which have been drawn concentric circles 
to represent electron rings. 

To illustrate Mendelian formulas, teachers sometimes use “chicken 
rings”— linked plastic rings placed on the legs of fowl for identification 
purposes. They come in various colors and can be linked or unlinked 
as desired. Dyed pipe cleaners have been used similarly. 

Help with diagrams. Most science reading materials include a large 
number of diagrams and drawings among their illustrations. Com- 
monly these are an integral part of the discussion and any failure to 
interpret them correctly h.andicaps the reader seriously. Teachers must 
realize that the person who understands the material has no difficulty 
with the diagrams but that the person who is trying to grasp the con- 
text with no background to depend upon may see nothing in a diagram 
but lines and spaces. The problem of interpreting a diagram into a 
three-dimensional image is not simple. Teachers should begin early 
in the secondary school with carefully planned experiences with 
diagrams. 

Mr. Axtell set up txco sets of apparatus tJuit were diagrammed in the textbook 
but he made no reference to them in class. The homework assignment 
for the next day included reading the section of the text which included 
the diagrams. The next day the pupils came to class very excited because 
they knew how to use the apparatus. 

Pupils need many such experiences in associating diagrams with real 
things until interpretation becomes easy. Then pupils will no longer 
be so handicapped when they encounter materials that utilize diagrams 
extensively. 


FAOUTIBS TO ENCOURAGE READING 

It is customary to house most of the science books and other reading 
materials in the school library where they are available to the entire 
student body. Various plans for the use of these books are established. 
Sometimes books may be checked out for home use. Sometimes cer- 
tain books are kept on reserve and can be used only in the library. 
In some schools a few pupils may be sent to the library for reference 
work; in others this is not permitted. In some schools a full class may 
be taken to the library for a special lesson; other libraries are too busy 
for this to be practical. No matter what the plan, there is always some 
problem in gaining immediate access to books that might amplify 
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class work. There is much to be said for having an adequate assort- 
ment of books within the classroom itself. 

The classroom library. There are several ways to use the classroom 
library. The reference-book method of teaching is one of the com- 
moner methods. Encyclopedias, several sets of supplementary text- 
books, and associated reading materials are kept on hand for use when 
pupils are asked to investigate specific topics. 

Some schools offer advanced courses in one or more of the sciences. 
These courses require more advanced literature for the classroom 
library. A few high schools are experimentally offering college fresh- 
man level courses in science, a procedure which allows the students to 
enter college with advanced standing. For this type of class work, the 
classroom library should contain more advanced reading materials. 


Whenever possible, a corner of ihe science classroorti should be set aside as 
a reading center Shelves of books, a rack for periodicals, a bulletin board, 
and tddes and chairs make up the needed equipment. The reading center 
may be used for browsing, for individual and small group library research, 
and for committee planning conferences. 


The beneficial aspects of the classroom library are not the same 
for all students. Hogan points out the following as advantages to hav- 
ing a science library: “The slow reader with a little instruction and 
guidance learns to seek out books on his own level. A classroom 
library also provides one of the least expensive and most flexible serv- 
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ices for talented children. The room library enables such gifted stu- 
dents to explore new fields as rapidly as their capacity permits.” ® 

Classroom libraries, as reported by VValraven and Hall-Quest, un- 
doubtedly have interested pupils who did not have the initiative to 
go to the main library on their own.* Many students will find, after 
being exposed to books, that reading is indeed a pleasurable and worth- 
while experience. 

Location. The science library should generally be located in a 
corner of the classroom. In the combination classroom-laboratory the 
library may be located either in the classroom or in the laboratory 
part of the room. An exception to this would be the combination 
chemistry classroom-laboratory, in which it would probably be more 
advisable to locate the library facilities some distance from the labo- 
ratory work area. 

It is more advantageous to have a library in each science room rather 
than to have the facilities concentrated in one room. The former ar- 
rangement gives the students in the various classes greater access to 
the library facilities. 

Furnishing a classroom library. Sizable and attractive bookshelves 
should be provided for the books. Open shelves invite readers to 
browse but closed shelves give more protection to the books. When 
planning the shelf space thought should be given to future space re- 
quirements. 

Inclined shelving is especially advantageous for the display of 
magazines and pamphlets. Filing cabinets may be provided for the 
storage of pamphlets not on display. ‘ 

A special bulletin board for the library area can be used to display 
pertinent clippings, small pamphlets, circulars, and jackets of newly 
acquired books. A colorful bulletin board attracts pupils to the reading 
area. 

The classroom library should have at least one table and seven or 
eight chairs. If there is table space for six or more pupils, the reading 
center can be used for committee work. 

Selecting and procuring science reading materials. In 1951, Webb 
estimated that approximately two hundred new books concerning 
science at the high school level appeared annually. With the current 
emphasis on science, the number of books appearing in this field 

® Hogan, Thomas F., “Our Classroom Has 200 Textbooks,” Scholastic 
Teacher, May 17, 1956. 

* VValraven, Margaret K. and Hall-Quest, Alfred L., Library Guidance for 
Teachers, New York, Wdey, 1941. 

* Richardson, Joliu S., "The Storage of PamphleU and Charts,” School 
Science and Mathematics, Nov-ember, 1945. 
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increases yearly. Since it is impossible to purchase all of the new 
books as they appear, the science teacher must decide which ones to 
order with the budget available. Webb offers some suggestions to 
aid the teacher in selecting new books for the high school science 
library. 

1. Select recent books, since, as Webb phrases it, “Old books may 
interest the collector of antifiues. but not youth.” 

2. Regardless of the size of the order, select a diversified collection 
of books. 

3. Select books with a wide range of reading levels. Webb states 
that this is necessary for two reasons. First, this pro\’ides for individual 
diSerences. Secondly, an average high school student may read lower 
level books for interest but college level books when seriously seeking 
information. 

4. Books should be selected to meet the instincts of high school 
youth, e.g., hero-worship, heroic occupations, adventure, collecting 
instinct, etc. 

5. Select some science books for vocational guidance. 

6. Select some scientific reference books. 

7. Select an occasional science book for its literary style.* 

A copy of each of the best high school te.xtbooks in the particular 
science field concerned should be included in the science library. If 
a reference book method of leaching is employed, several copies 
each of three or four different textbool« should be provided. In addi- 
tion to the high school texts, a few carefully selected copies of college 
texts for the particular field should be included. 

A general encyclopedia should be available in the central school 
library. One or more scientific encyclopedias may be kept in the main 
school library, unless the school has only one science room or can 
afford copies for each of the science rooms. 

Each classroom library should have a good dictionary. Copies of 
appropriate scientific handbooks should also bo kept in each of the 
classroom libraries. Other reference books concerning specific topics 
should be kept in the appropriate classroom science libraries. 

Many of the books in the science library, of course, will be technical 
in nature for individual research purposes. It is well to have a wide 
range of subject matter areas represented. In addition, science books 
for recreational reading have an important place. Among these latter 
will be science fiction and popularized science books. 

In the appendix are lists of books, pamphlets and magazines which 
w’ould provide the nucleus of a good science library. A selected list 
of paperbound science books for an inexpensive library has been pub- 

* Webb, Hanoi A., “The High School Scdence library,” The Science Teacher, 
March, 1951. 
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lished by the American Association for the Advancement of Science.^ 
As new books are released they are reviewed in various scientific 
journals. Science education journals such as School Science and Mathe- 
matics compile lists of books that have been published each year. 


Suggested activities 

1. Choose an eighth ginde general science unit. List the books, 
periodicals, and pamphlets that you would like to have in the (a) class- 
room and (b) school library to supplement this unit. Assume that there 
is a wide range of reading abilities in the class. 

2. Select a specific science book that you think every pupil should 
read in chemistry class. Plan a method to stimulate your pupils to 
read the book. 

3. Set up a bulletin board display designed to interest pupils to do 
supplementary reading for a specific unit. 

4. Assume that you are teaching a science class made up entirely 
of seriously retarded readers. Make up a bibliography for a specific 
science unit using books and other reading materials suitable for this 
group. 


Suggested readings 

Behnke, John A., ‘Traveling Science Libraries for Small High Schools,” 
Science, July 29, 1955. 

Carson, Thomas E., and Davies, Ruth .^nn, ‘Teaching and tlie Library,” 
The School Review, February. 1948. 

Liston, Florence, and Woodsum, George, “An Inexpensive Scientific 
Library,” The Science Teacher, October, 1955. 

Otto, James H., and Ross, MUdred I., “Science Promotes a School 
Library,” Library Journal, May 15, 1945. 

Reading in the High School and College, Forty-seventh Yearbook of the 
National Society for the Study of Education, Part II, University of 
Chicago Press, Chicago, 1948- 

Smith, Charles C., "Science Fiction— Asset or Liability?” The Science 
Teacher, October. 1953. 

^Vebb, Hanor A., "Tlie Higli School Science Library," The Science 
Teacher, March, 1951. 

^ Dcason. Hil.iry J., An Inexjfemiic Science Library. American As.soci.itit)ii 

for the Advancement of Scici»ce, 1515 Maj.saelm!a.’tt> Are. N.W., Washing- 
ton 5. D. C., 1958. 
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I C ommunication in science 
should be concise and objective. It is not an easy style to master. 
Professional writers spend hours on each short article they produce. 
Many prominent men employ speciaUsts to prepare their speeches. 

\ ^ticles of prominent scientists commonly require drastic 
e l ing e ore they can be published. Secondary school pupils are 
un ers an a y acking in skills with this type of self-expression. They 

have had httle practice and litUe help. 

The responsibility cannot be shifted to the English teachers. The 
English program has been allotted but a fraction of the time needed 
to produce accomplished writers and speakers. English teachers can 
o no more t an ay the foundation upon which other teachers, includ- 
ing science teachers, can build. 

Science teachers need not think of themselves as teachers of com- 
munication skills. They make their greatest contributions when they 
set up situations in which pupils actively desire to write or speak 
about Iheir science experieuces. In these situations pupils are stimu- 
aled to conscious efforts at self-improvement and they gain the prac- 
tice that is so essential for increase in the powers of self-expression. 

VOCABULARY DEVELOPMENT 

Words are but symbols that have no meaning until the user is able 
to associate them with mental images and sensations. Vocabulary de- 
velopment consists of providing the proper associations, giving prac- 
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tice with these associations and reteaching after periods of forgetting. 

Commonly vocabulary development includes provision for the ex- 
periences upon which associations are based. The person who has not 
seen cork may associate the word with the wrong substance or make 
no association whatever. This aspect of vocabulary development is 
of particular concern to the science teacher because so many words 
of science deal with things and conditions that pupils have never en- 
countered previously. 

To further complicate the process of vocabulary development there 
are, in effect, four different vocabularies that must be developed in 
parallel— a listening vocabulary, a speaking vocabulary, a reading vo- 
cabulary, and a writing vocabulary. These are not at all the same. 
The first two depend upon sound symbols, the last two upon visual 
symbols. There is a difference between hearing a sound and produc- 
ing it. There is a difference between seeing a symbol and writing it. 
Hearing and seeing are passive; meanings are often suggested by con- 
text. Speaking and writing demand active recall and require a much 
higher level of previous learnings. 

The vocabulary of science. All special fields have their technical terms. 
Science, with its many subdivisions, has developed the most exten- 
sive specialized vocabulary of them all. But scientific words are not 
science in themselves. They are tools with which specialists com- 
municate with one another. All understandings about commonplace 
phenomena can be expressed in commonplace terms. 

Some of the words of science are so useful as to be worth teaching. 
“Distillation” is one of these; it is much more concise than any equiva- 
lent in basic English and has many applications in post-school situa- 
tions. “Photosynthesis” is debatable; it has a precise meaning that is 
rarely appreciated even by science teachers themselves, but it is a use- 
ful term in science courses. “Polydaclylism” has little value in a non- 
specialized science course and none outside of school situations; it 
does not justify inclusion in the required vocabularies of young people. 

Scientific jargon, which is useful to specialists trying to be concise, 
has little place in the secondary school program. It may be confusing. 
The teacher who uses “hot” instead of “radioactive" may give a totally 
wrong impression for the sake of saving four syllables. Non-specialists 
are apt to use jargon because of its novelty rather than because a pur- 
pose is served. 

Occasionally there is a difference l>clween the scientific definition 
of a word and the common usage of the word. No better illustration 
e.\isls than the word “steam.” For centuries, steam lias referred to the 
visible cloud above hot water. Physicists, however, upon learning 
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about evaporation redefined the word to apply to invisible ^vate^ 
vapor, a definition accepted by dictionaries. 

Science teachers are apt to insist that pupils abandon the common 
association and adopt the scientific definition, and they become irri- 
tated when pupils do not do so. These teachers have not paused to 
consider the difficulties involved. Associations developed during early 
childhood are exceedingly tenacious. Secondly, in this case it is diffi- 
cult for pupils to make tlie new association because an invisible sub- 
stance is involved. Finally, as soon as pupils are outside the school, 
common usage tends to reestablish the old association. 

Sometimes there is little value in making a struggle against common 
usage; the word “detergent" has gained such a specialized meaning 
that its dictionary meaning is all but forgotten. Sometimes a substi- 
tution is possible; "water vapor" serves equally well in place of “steam.” 
Sometimes a teacher must give many experiences with “animals" so that 
pupils themselves broaden its meaning to include more than mammals. 

A little common sense helps too. The perennial argument about 
"work” in physics classes can only antagonize pupils who know what 
makes them tired. It is easier and more accurate to qualify the word 
with “useful” or ‘'accomplished” or some other descriptive adjective. 

It is not to be expected that science teachers will agree upon the 
words to be introduced or ignored. It seems better, however, to bo 
conservative, developing basic understandings rather than vocabulary. 
Too many words introduced loo rapidly make science seem difficult 
and remote. But understandings make it possible for pupils to develop 
their vocabularies as they need new words. 

Techniques for building vocabularies. A word worth introducing is 
worth introducing carefully. Once a teacher has decided that a term 
should be in the vocabulary of his pupils he should make sure that it 
receives adequate attention. 

Miss Hendrickson demonstrated to her biology classes the effects of syueez- 
ing ripe puff balls. She explained briefly that from each of the particles 
given off a neio mushroom p{<mf could develop. She then named these par- 
ticles spores both orally and in writing on the blackboard. 

Miss Hendrickson asked her pupils to examine some of the spores with 
a microscope ond then read about the life histories of mushrooms in their 
textbooks. At the end of the period, following a brief discussion of the 
reading assigntnent, she described the techniques for making spore prints 
from gilled mushrooms. The class planned a trip to a nearby woodland park 
to gather some of these mushrooms. 

The next day the pupils took their trip and brought their mushrooms 
hack to school, placing the caps on white cards. A day later, spores falling 
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from the “gills’ had left prints on the cards. These were sprayed with 
artists’ fixative and labeled appropriately. 

Miss Hendrickson suggested that interested pupils could make additional 
spore prints, make drawings of mushroom plants, and read about the eco- 
nomic importance of mushrooms. Later she set the class at work on molds, 
raising some, noting the spores, and reading about life histories of molds. 

Note the steps with which Miss Hendrickson fixed the word “spore” 
in the vocabularies of her pupils. First she provided a firsthand ex- 
perience which probably served to recall similar experiences pupils 
had had previously. She gave the term orally and in writing. Examina- 
tion tlirough the microscope helped fix the association. Reading gave 
practice in associating the printed word with the actual spores. 

Tlirough the following days the pupils used the word frequently, 
hearing it, speaking it, reading it and writing it on cards and diagrams. 
They had opportunities to relearn the word if they forgot it from one 
day to the next. Finally the word was given broader meaning by its 
application to molds, and learning continued. 

Such elaborate procedures are needed only for such words as are 
important enough to be used frequently by all pupils. Other types of 
situations may be set up to encourage the learning of new words with- 
out insistence that these be memorized. 

Miss Neilson’s seventh grade pupils brought in caterpillars and kept them 
in cages with suitable food. Well-illustrated books at different reading 
levels were placed nearby. As soon as the caterpillars began to pupate the 
excited pupils began reading the books. They prepared charts and wrote 
reports of their observations. Soon they were using such technical terms as 
“pupa” “chrysalid” and “metamorphosis” without any direction from Miss 
Neilson. 

Though firsthand experiences are best for insuring proper associa- 
tions, the previous experiences of pupils may also be used. The 
“teeter-totter” is familiar enough to all pupils to serve in the intro- 
duction of the word “fulcrum.” However, it is difficult to be sure that 
all pupils have had certain experiences and even more difficult to ascer- 
tain whether the experiences have been meaningful. Past experiences 
should be relied upon only when necessary. 

Photographs are useful in helping pupils recall past experiences. 
They also have limited usefulness when proper interpretations can be 
made from two-dimensional representations even though the material 
lies outside the pupils’ past experiences. Diagrams and models may 
be used to reinforce associations but should not be depended upon to 
serve alone in vocabulary development. 
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Dictionaries and glossaries have but limited value in building a sci- 
entific vocabulary. Their definitions are given in words that may fail 
to produce a satisfactory image with which to make associations. These 
tools should be used to help pupils obtain a more precise definition of 
words that are already understood in part. 


ORAL PRESENTATIONS 

Though adolescents chatter freely, few of them speak well. Their dis- 
courses tend to ramble and are often pointless. Their limited vocabu- 
laries lack the words needed for the finer shades of meaning. Their 
self-consciousness hinders them when they face a group. 



Oral reports of project work give valuable practice in communication. Pupils 
should be encouraged to use visual materials freely during these presenta- 
tions. They may depend upon commercial prejMirations, as this boy is doing, 
or, better yet, they may design their own charts, models, and other exhibits 
they wish to use. 

Science teachers can provide extensive practice in oral presentations. 
Talks may range in complexity from simple descriptions of observations 
to elaborate research reports. They may be spontaneous or carefully 
written out beforehand. Conditions may range from talks to a few 
classmates to formal speeches before large audiences, including radio 
and television audiences, 
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Brief reports in the classroom. Pupils often volunteer to make special 
investigations as part of their regular class work. Reports of their in- 
vestigations may be integrated into the daily lessons. 

Patrick volunteered to ask his father, a salesman for sound equipment, 
about the frequency ranges of various recording and platj-back devices. 
Patrick’s physics teacher, in his plans, allotted him five minutes following 
a demonstration of tape and wire recorders, and provided a follow-up ex- 
periment on the range of human hearing. 

Time at the beginning or end of periods may be set aside for special 
reports that are not pertinent to the regular work of the class. 

Susan had been studying the habits of morning glory blooms, tagging buds 
and keeping records of the times each opened and closed. When she teas 
ready to make her report her science teacher set aside ten minutes at the 
beginning of the next science period for her presentation. 

Some teachers set aside a regular time for reports of readings or 
incidental abservations. 

It was Thursday morning, time for seventh grade field reports. Colin de- 
scribed a pair of mourning doves he had seen in a cemetery. Margaret dis- 
played some flowers she had picked on the way to school— flowers the 
teacher identified as Robin’s plantain and pussy-toes. George told about 
the trout he had caught over the weekend and volunteered to post a pic- 
ture of trout on the bulletin board so others would know what they were 
like. Morcin fold of the large bumblebee that hod entered his bedrootn 
and the teacher explained how queen bumblebees look for new nesting 
sites in the spring. No other pupils had reports and so regular classwork 
was resumed. 

A touch of formality is beneficial in all short reports. Pupils shovild 
speak from the front of the room and should be ready to answer ques- 
tions from other members of the class. Thus they gain from the ex- 
perience of facing their audiences. Tliis technique also reduces the idle 
cljalter that would result if pupils were free to speak from their seats; 
they come to the front only if they have something they think impor- 
tant. 

Pupils rarely h.ivc difficulty with short oral reports. They cannot 
stray far from the point. The)' arc ahlc to retain class attention for 
the few minutes during which they are speaking. Ntmellielcss. pupils 
should be encouraged to use visual materials as much ;is possible wliile 
reporting. Visual materials give the s£>eaker a sense of cotifidi-nce. 
they help him keep his talk centered on one point, and they assist in 
holding class attention. 
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Jack illustrated his report on birdhouses with a sheet of cardboard in which 
he had made openings suitable for different types of birds. He also displayed 
a wren house and a bluebird house as two applications of desirable hole size. 

Reports of major projects. Pupils commonly put a great deal of time 
and effort into project work. They need recognition for their achieve- 
ments. Teachers may help them prepare reports that will be well re- 
ceived by their audiences. 

Visual materials should be considered essential in all major presen- 
tations. These may be exhibits of actual materials, charts, blackboard 
drawings, lantern slides, models, tables, graphs and the like. Demon- 
strations that repeat processes employed are effective. Tliere should 
be large printed labels so that the audience sees words as well as hears 
them. 

Elinor, an eighth grader, had made a study of dandelion greens. In a brief 
introduction to her report she explained how she had become interested 
m the project and xchat her problem had been. She followed this with a 
description of dandelion pkmfs, using fresh specimens and mounted speci- 
mens and a chart ivhich she had prepared to illustrate her points. 

Elinor turned next to the procedures she had used in her research. She 
had interviewed a number of European-born housewives who gathered 
dandelion greens each spring. From them she hod found how plants with 
mild flavor could be distinguished from plants with hitter flavor. She il- 
lustrated her findings with charts and dried specimens. She mentioned 
that she had collected both types and cooked them and that differences in 
flavor certainly existed. 

She then described the results of a field investigation in which she made 
a census of the two types in typical areas. She summed up her findings 
with bar graphs. She concluded that two distinct varieties of dandelions 
exist even though not recognized in the botany books she had read. 

This report deserves special study as an example of the help that 
may be given other pupils. First, the subject was familiar to the lis- 
teners but a new and interesting aspect was being described. Elinor 
was talking from firsthand experiences; she was able to convey the 
spirit of the investigation and the picturesque details, and she talked 
with authority. Her charts and materials gave meaning to statements 
that were difficult to verbalize. Her graphs summed up her observa- 
tions. Her specimens g.ave authenticity to her conclusions. 

Pupils do not need to be highly articulate to present good reports. 
Usually, if a pupil is interested in his work, he can describe what he has 
done and what he has found out in adequate fashion. Should he have 
speech defects or should he suffer unduly from self-consciousness, the 
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teacher may Iielp him organize his presentation to put major reliance 
upon demonstrations and visual aids rather than upon words. 

Sixteen-year old Antonio had displayed a high degree of skill in the con- 
struction of a kymograph. His science teacher persuaded him to enter the 
project in a science fair and demonstrate its action. Though Antonio teas 
unskilled in oral presentations, and very self-conscious about his foreign 
language background, he memorized a short introduction that teas sufficient 
to set the stage for his demonstration. He followed the introduction with 
a deft dissection of a frog muscle which he subjected to a scries of fatigue 
tests. Judges were much impressed tcilh his techniques. 

This report shouid be compared with one made by a boy with a 
serious stammer who tried to give a memorized talk on galaxies. It 
was a painful experience for everyone, the boy, the judges, and the 
audience. The boy may have been accomplished in this field, but no 
one could have been certain. 

Some pupils prefer to investigate books and journals for informa- 
tion rather than do field or experimental research. They usually need 
guidance in the selection of suitable topics. Left to themselves, they 
are apt to clioose such broad subjects as "jet planes” or "evolution.” 
Their reports are made up of generalities and are rarely satisfactory. 
Much more suitable topics would be “Jet engine fuels” or “Develop- 
ment of common breeds of dogs.” These topics permit the pupils to 
speak in specific terms and use more interesting visual materials. 

Generally pupils should leam to speak from notes. This helps them 
develop a natural and relaxed manner of presentation. Exceptions 
may be granted to those pupils whose visual materials serve to give 
the talks direction. lilemorized speeches are generally unsatisfactory; 
the pupils adopt an unnatural delivery and appear nervous lest they 
forget their lines. An oral reading of a written report is also to be 
discouraged though short passages may be read for special emphasis. 

Book and Film reviews. Oral reviews of books and films, when well 
presented, encourage listeners to read the books and view the films. 
Pupils usually need help in preparing such reviews. 

As in all other oral presentations, visual materials are helpful. A 
pupil presenting a review of Twenty Thousand Leagues Under the Sea 
might well prepare a chart of the Nautilus to explain its features. A 
pupil reviewing Teale’s North with the Spring might prepare a map to 
locate the regions described by the author. A pupil reviewing Sweazey s 
After Dinner Science might demonstrate one of the experiments 
described. 

Pupils need help in understanding that it is better to present a 
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sample of a book in some detail than to describe the book super- 
ficially. A well selected sample shows tlie quality of a work and whets 
the appetite for more. 

Julie, who liked to paint bird portraits, chose to review one of the biogra- 
phies of Audubon. She concentrated upon what the book had to say about 
Audubon’s painting techniques. She used some prints obtained from a 
calendar to illustrate these techniques. Then she read a brief section of 
the book to tell how Audubon obtained specimens for painting, and an- 
other section to tell how he supported himself while obtaining materials 
he needed to make his paintings accurate. 

A teacher is justified in allowing pupils to use class time in preparing 
reviews. Pupils gain the impetus that they need to complete their 
reviews outside of school. In addition, the teacher is able to give sug- 
gestions about the organization of the review and the improvisation of 
visual materials. 

Group presentations. Most adolescents feel more secure when giving 
talks as members of a group than when required to do so alone. They 
feel more at ease because audience attention is divided. They can 
accept responsibilities according to their knowledge of their strengths 
and weaknesses. Some self-conscious individuals will not volunteer to 
speak except in group presentations. 

Four ninth grade boys gave a report on a balloon ascension into the strato- 
sphere. The first boy outlined briefly some of the preliminaries of the ascent. 
The second boy prepared hydrogen with which he filled a rubber balloon 
to show buoyancy; he explained the dangers of hydrogen and the advan- 
tages and disadvantages of helium used in the actual ascent. The third 
boy displayed a chort sliou;mg the exparmon of a partially filled balloon 
as it ascends and demonstrated this expansion with a rubber balloon in 
an eoacuaied bell far. The fourth boy described the gondola, using both a 
model and a chart to illustrate its major features. The first boy resumed the 
floor and described the flight itself together with some of the findings of 
the expedition. 

Some teams of pupils have prepared such interesting talks that they 
have been in demand by service clubs and other organizations. This 
is truly a fine experience for the pupils concerned. 

In addition to presentations of the type described, groups of pupils 
may conduct quiz programs based on popular radio and television 
programs. Sometimes a group serves as experts and tries to answer the 
questions that come from their audience. Sometimes they serve as 
judges of the answers givrai by their classmates to questions which 
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they previously formulated. These activities add spice to reviews and 
drills as well as giving practice in speaking to the participants. 

Science plays and assembly programs. Science plays can be rewarding 
to both audiences and participants. The plays need not be elaborate; 
tliose produced by a small group of pupils for their classmates can be 
little more than skits which utilize a minimum of properties and a 
maximum of imagination. 

The chemistry class was working on individual and small group projects. 
Four pupils chose to dramatize Goodyears discovery of the vulcanization 
of rubber. The first two scenes, or skits, humorously pictured the problems 
of wearing rain garments made of unvulcanizcd rubber. The garments 
were completely imaginary. 

The next two scenes portrayed Goodyears discouragement and final suc- 
cess. The last scene returned to the original theme with vulcanized rubber 
garments replacing those of unvulcanized rubber. 

The production took about ten minutes. It was enthusiastically received 
by the other pupils who suggested that such dramatizations be used more 
often in the chemistry program. 

Pupils like to use properties, scenery, costumes and special effects. 
These can be incorporated without making the production unneces- 
sarily elaborate. A pSpier-mach6 skull and a retort make a pupil an 
alchemist, a blow on a paper carton is an explosion, a red lamp pro- 
duces fire light. Pupils display a good deal of ingenuity in improvising 
these properties. 

More elaborate plays, which require extra time for preparation, 
may be produced for the benefit of pupils in other sections of the 
same course. If sufficiently interesting they may be used for an all- 
school assembly. 

One ninth-grade section wrote and produced a three-act play for an as- 
sembly program. Act One was set in a nineteenth-century home; two boys 
and two girls comment on the difficulties of life in the eighteenth century 
but are highly amused when one of the girls reads aloud some predictions 
for the twentieth century. Act Two was set in a modern home; two boys 
and two girls comment on the hardships of living in the nineteenth century 
hut are amused at predictions for the twenty-first century. Act Three was 
set in a home a century hence and two boys and two girls comment on the 
hardships of the twentieth century. The curtain fell just as one of the 
girls began to laugh at some predictions she was reading. 

Short plays are best written by the pupils themselves with little 
help from the teacher. They can get basic facts from textbooks and 
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USING MATHEMATICS REALISTICALLY 

Physics and chemistry have always been known as quantitative in 
character. This is as it should be. But the role of mathematics in 
these courses has commonly been misunderstood. Instead of being 
used as a tool to aid in understanding, mathematics has all too often 
become an end in itself. The major aim of the courses has been the 
development of skills with certain mathematical exercises that are 
thinly disguised as “problems” but have little real significance to pupils. 

The record speaks for itself. Relatively few pupils elect chemistry. 
Fewer still elect physics. And yet these are courses from which nearly 
all pupils could benefit The answer is not less mathematics, but rather 
more purposeful mathemaljcs. 

The metric system. In its drive to convert the American public to the 
metric system the science program has achieved practically nothing in 
half a century. Young people leave school with no conviction that the 
metric system has any special advantages. 

The reason is obvious. Picture the first days of a pupil in physics. 
After a brief eulogy on the characteristics of metric measurements he 
is set to work with meter stick and calipers obtaining the dimensions 
of blocks in millimeters, centimeters, decimeters and meters— even 
kilometers— and is then required to convert these to inches, feet and 
yards. For home work he is directed to convert 3.627 inches to centi- 
meters, and 7842.3 meters to miles. He is expected to memorize con- 
version constants to three and four significant figures. 

The metric system should be used from the beginning in a natural 
way. Pupils learn its characteristics quickly enough and use the meas- 
urements in various operations as readily as they use English units. 
But there is no need whatever for the extended work with conver- 
sions tliat plague most pupils today. After a few weeks of experience 
with the metric system pupils gain a rough idea of the relationships 
between the two systems and can make approximate conversions. 
These are all that are generally needed even if both systems were in 
common everyday use. More precise conversions can be worked out as 
needed. 

The Centigrade scale. All that Iras been said about the metric system 
applies to the use of the Centigrade scale. The best way to teach the 
scale is to use it. There is no value in confusing the pupils with conver- 
sions from the very beginning. 

However, young people will need some basis for comparing the two 
scales. One teacher uses an interesting teclinique that seems effective. 
He provides Centigrade and Fahrenheit thermometers for all tempera- 
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ture measurements. Pupils are required to write both values, one in 
parentheses. Thus they automatically gain an idea of the relation- 
ship. The outcome is certainly worth the added cost. 

Pupils will always discover the conversion formulas but these should 
not be taught deliberately. They have value only to the specialist who 
makes frequent conversions. They are learned with difficulty and for- 
gotten with ease. Pupils should be shown how to draw two scales 
side by side with freezing and boiling points coinciding, and work out 
any needed conversions directly. This they can never forget if they 
know both systems to start with. 

Formulas and equations. Science teachers commonly complain that 
their pupils do not know algebra. Sometimes this is true; pupils who 
elect only general mathematics have so little work with equations 
that their experience can be discounted. However, pupils who elect 
elementary algebra can deal with most of the linear equations that 
are developed in any realistic physics problems. Those who elect in- 
termediate algebra can handle most of the quadratic equations that 
arise. What teachers mean, when they complain of pupils’ abilities, 
is that their pupils do not know how to apply algebraic processes to 
the situations they encounter in science. It is the science teacher’s 
responsibility to help them make these applications. 

It is to be feared that science teachers do not always understand 
the mathematics they employ, or if they do they are so eager for results 
they take short cuts without proper explanations. 

“I don’t see how you can multiply pounds times inches,” said a ninth grade 
girl during work with levers. 

“Well, you can!” snapped her teacher. “See! I just did it.” 

This teacher’s tart remark amused the class, embarrassed the girl, 
and exposed his own ignorance. Multiplication, as a form of repeated 
additions, permits no such hybrid joinings. But science teachers em- 
ploy them constantly in “solving” problems. 

Formulas, as the most used mathematical devices, are also the most 
abused. Too often pupils are required to memorize the formulas, 
apply them mechanically, and work out solutions blindly, even im- 
properly, as was just described. The pupils are thus able to give a 
show of competence, but their competence is a thin shell that bears 
no weight. 

Whenever possible, formulas should be developed inductively from 
data which the pupils collect themselves, organize to discover rela- 
tionships, and express in their own ways. The pupils then know that 
the formula is but a short way of expressing a relationship and they 
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understand its limitations. They are also able to recreate it when 
needed. 


Mr. Brewster provided each team of three pupils with an inexpensive volt- 
meter, an ammeter, and an unlabeled resistor. He varied the voltage sup- 
plied by a central control panel and the pupils made readings of current 
and voltage. Even before any class discussion, one group had noticed that 
for them the voltage was always four times the current and another group 
had noticed that the current teas twice the voltage. The formula was quickly 
developed. 


With the deductive approach to formulas, pupils commonly gain the 
impression that the formula controls the situation instead of merely 
describing it. This is especially common in chemistry; many pupils 
never understand the true significance of empirical formulas. It hap- 
pens in physics also. Unfortunately, few pupils raise questions; it is 
easier to accept, 

When deductive approaches seem dictated because of the nature of 
the mathematics involved, every care should be used to insure proper 
recognition of the true meaning of the formula. The teacher just cited 
uses a valuable technique in establishing the formula for resistances 
in parallel. 


Mr. Brewster gave each trio of pupils a voltmeter, and ammeter, and two 
unlabeled resistors. Each team worked out the resistance for the resistors 
separately, in series, and finally in parallel. Exchanging resistors with other 
teams, each team repeated the measurements. 

The pupds discovered immediately that resistors in series are additive. 

iey c iscovered also that two resistors in parallel have less resistance than 
either component, and they could sec tvhy, but they could not work out the 
re ations lip. When Mr. Bretester showed them what it was, theii accepted 
it immediately and applied it with satisfaction. 


Graphs of equations. Pupils learn to graph simple equations in all 
tneir algebra and geometry courses. The graphs represent useful tools 
hat loo few science teachers utilize. The graphs should not come first; 
they should follow numerous applications when pupils are ready to 
study relationships in greater detail. 

A graph of the formula E = Ir shows the dependence of current on 
voltage; neptive values should be used to show the effect of reversal 
of potential. Several curves, using different values for r should also 
e use to S low the effect of changing resistance and to encourage 
speculation about the effects of reducing the resistance to zero. 

A graph of S - lgt> shows vividly the relation of the distance 
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covered by a falling body to its time in motion. Substitution of nega- 
tive values would give the history of the same body were it thrown 
upwards before it began to drop. 

Pupils with sufficient back^ound should plot ellipses, parabolas and 
other curves whenever these are encountered. 

During the study of parabolic reflectors, Mrs. Laioson asked her pupils to 
plot on large pieces of wrapping paper a parabolic curve. She then showed 
them how to determine the behavior of light rays striking the surface. To 
help them visualize a paraboloid, she directed the pupils to bend a length 
of stiff wire along one leg of the parabola and twirl the resulting curve 
between their hands. 

The use of significant figures. An understanding of significant figures 
is part of the study of measurement. The understanding is necessary 
for the proper selection and use of instruments, and for proper inter- 
pretation of results. 

Once pupils have had experience in making measurements, they have 
little difficulty identifying the certain and uncertain digits in any value 
they have obtained themselves. They recognize quickly that a value 
of 63.2 centimeters obtained by a meter stick may actually range be- 
tween 63.15 centimeters and 63.25 centimeters. 

Pupils have more difficulty in recognizing the importance of signifi- 
cant figures. If they are asked to identify all the uncertain digits in 
their calculations, which they may do by underlines or circles as is 
shown below, the meaning becomes clear: 


(a) 

(b) 

46.37 

46 

.76 

.76 

27823 

276 

32459 

322 

35.2412 or 35 

34.96 o 


Labeling the estimated digits in a calculation (the bold numbers 
above) shows the influence tliese digits have on the results. Multiplica- 
tion of a four-figure number by a tivo-figure number gives only two- 
figure accuracy. The four-figure number could be rounded off as in (b), 
thus saving time in calculation. Or, if greater accuracy were desired, 
a more precise instrument would be needed to obtain both walues to 
four figures. 

They will quickly realize tliat a meter stick is as accurate for some 
measurements as a micrometer is for others, that weights need not be 




TABLE 15. C/iaracterwlics of common errors tfwt pupils encounter. 
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understand its limitations. They are also able to recreate it when 
needed. 


Mr. Brewster provided each team of three pupib with an inexpensive volt- 
meter, an ammeter, and an tmlabeled resistor. He varied the voltage sup- 
plied by a central control panel and the pupils made readings of current 
and voltage. Even before any class discussion, one group had noticed that 
for them the voltage was always four times the current and another group 
had noticed that the current was twice the voltage. The formula was quickly 
developed. 


With the deductive approach to formulas, pupils commonly gain the 
impression that the formula controls the situation instead of merely 
describing it. This is especially common in chemistry; many pupils 
never understand the true significance of empirical formulas. It hap- 
pens in physics also. Unfortunately, few pupils raise questions; it is 
easier to accept. 

When deductive approaches seem dictated because of the nature of 
the mathematics involved, every care should be used to insure proper 
recognition of the true meaning of the formula. The teacher just cited 
uses a valuable technique in establishing the formula for resistances 
in parallel. 


Mr. Brewster gave each trio of pupils a voltmeter, and ammeter, and two 
uitlabcled resistors. Each team worked out the resistance for the resistors 
seiiaratchj iu senes, and finaihj in paralicl Exchanging resistors with other 
teams, each team repeated the measurements. 

I hnmediateUj that resistors in scries are additive. 

T cijdwcovered also that two resistors in parallel have less resistance than 

r2l nZr^‘’''Z out the 

inuwwZte^ '1 ^'poster showed them what it was. they accepted 
It iiiiiiicdiatelij ami applied it with satisfaction. 

their alach g‘'3ph simple equations in all 

at tol represent useful tools 

stuLlcIa it 1 ‘■PP““>K™» 'Vhen pupils are ready to 

Study relationships in greater detail. ^ 

voltace-teaar**^ forinuLi E — Ir shows the dependence of current on 
If Mc'nUaf r " r* ^ oBect of reversal 

beCd „ sit M r"\”S values for r should also 

snecltimitCVr ‘='“"S*"g “J <0 encourage 

ltd c - T ““'f' '“’““g ‘'•e resistance to zero. ® 

gr.iph of S - Jgt- sl,o„.s vividly the relation of the distance 
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covered by a falling body to its time in motion. Substitution of nega- 
tive values would give the history of the same body were it thrown 
upwards before it began to drop. 

Pupils with sufficient background should plot ellipses, parabolas and 
other curves whenever these are encountered. 

During the study of parabolic reflectors^ Mrs. Lawson asked her pupils to 
plot on large pieces of wrapping paper a parabolic curve. She then showed 
them how to determine the behavior of light rays striking the surface. To 
help them visualize a paraboloid, she directed the pupils to bend a length 
of stiff wire along one leg of the parabola and twirl the resulting curve 
between their hands. 

The use of significant figures. An understanding of significant figures 
is part of the study of measurement. The understanding is necessary 
for the proper selection and use of Instruments, and for proper inter- 
pretation of results. 

Once pupils have had experience in making measurements, they have 
little difficulty identifying the certain and uncertain digits in any value 
they have obtained themselves. They recognize quickly that a value 
of 63.2 centimeters obtained by a meter stick may actually range be- 
tween 63.15 centimeters and 63.25 centimeters. 

Pupils have more difficulty in recognizing the importance of signifi- 
cant figures. If they are asked to identify all the uncertain digits in 
their calculations, which they may do by underlines or circles as is 
shown below, the meaning becomes clear: 


(a) 

(b) 

46.37 

46 

.76 

■76 

27822 

276 

32459 

322 


35.2412 or 35 34.90 or 35 

Labeling the estimated digits in a calculation (the bold numbers 
above) shows the influence these digits have on the results. Multiplica- 
tion of a four-figure number by a two-figure number gives only two- 
figure accuracy. The four-figure number could be rounded off as in (b), 
thus saving time in calculation. Or, if greater accuracy were desired, 
a more precise instrument would be needed to obtain botli values to 
four figures. 

They will quickly realize that a meter stick is as accurate for some 
measurements as a niicronietcr is for others, that weights need not be 


Type cl error Cause Efect Method of detection Means oj minimizing 

. Accidental errors. Momentary lapse of Unpredictable Repeat measurements Discard inconsistent data 

Example: writing 64 attention 
as 46 



TABLE 1 5. Characteristics of common errors that pupils encounter. 
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determined to four figures when in the same problem volumes can be 
determined to but two figures, and that four-place logaritlims are ade- 
quate without interpolations for most mathematical work. 

Theory of errors. Everyone who works with science should know about 
errors, their causes, their nature, their effects, and the means by which 
they may be eliminated or reduced. It is surprising that so little atten- 
tion is given to this topic in secondary school science because even 
tliougli tlic subject is a large one, there arc phases that arc meaningful 
to secondary school pupils. 

Tile characteristics of tlie common errors that pupils encounter in 
tlicir work arc summed up in talile 15. During discussions of methods 
to be used in experiments, pupils should consider these possible types 
of errors and decide upon techniques they will use to minimize these 
errors. Afterwards, when discussing data, the pupils should consider 
tile influence of unavoidable errors on the data and estimate the mag- 
nitude and direction of the effects if possi!)le. 

Techniques for checking. The most useful checking technique is that 
of estimation. Pupils will develop the habit of looking ahead and ap- 
proximating outcomes only if the teacher constantly emphasizes it him- 
self, In almost every situation, before starling pupils at work by 
themselves he should take time to direct thinking along this channel. 

Substitution techniques arc useful for checking formulas and equa- 
tions. Perhaps a pupil has derived the formula for temperature con- 
versions; he now wishes to check it. He knows already that 100° C. 
is the same as 212° F.; substitution of one value should give the other. 
Or, to use values not employed in the original derivation, if he knows 
that — 40°C. equals --40°F. he may substitute these values. 

The substitution of zero for one of the variables in an equation 
sometimes shows whether a relationship is a valid one. If two unequal 
weights are suspended from a twine over a pulley, their motion will 
be governed by the following relation: 

(W^ + W.)_g 
g 

When Wo is reduced to zero, a becomes equal to g; in other words, 
Wi and the string have the acceleration of a freely falling body. When 
Wx is reduced to zero, a becomes equal to — g; in other words, the 
acceleration is that of a freely falling body but opposite that of the 
first case. 

A useful technique, though not defensible in terms of pure mathe- 
matics, calls for the substitution of labels for the respective terms of 
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an equation. For instance, a pupil nught %vish to check his version of 
the momentum equation and his solution. He writes: 

WV 

Mom. = — |- 

Ib X ft/sec 

Substituting: Mom. — 

= lb X ft/sec X secVft 
= Ib'sec 

If he knows that momentum may be expressed as lb-sec he is certain 
that his units are correct and that his basic relationship is probably 
correct. This technique will not reveal, however, omissions or errors 
in constants such as the ^ in KE = J MV*. 


Suggested actioities 

1. Divide the science methods class into committees each of which 
will be responsible for a section of a biology textbook or course of 
study. Determine the opportunibes for providing mathematical experi- 
ences to the pupils as they study each section. 

2. Plan a situation in which a mathematical formula is to be de- 
veloped inductively. Present tins lesson to the science methods class. 

3. Assume that you are a physics teacher. Construct a test to deter- 
mine the extent of mathematical skills possessed by the pupils. 

4. Familiarize yourself with the complete mathematics program of 
a school system, At what grade levels would you expect the pupils 
to have reasonable mastery of basic mathematical processes? 

5. Look for ways to use the metric system throughout a ninth grade 
general science program. Plan a lesson in which you introduce the 
metric system to the pupils- (Concentrate on a simple, direct, and 
interesting approach.) 


Suggested readings 

Hall, A. “Relations Between Science and Mathematics in the Sec- 
ondary School,” Bulletin of the National Association of Secondary 
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1953, pages 93, 94. 

National Council of Teacliers of Mathematics, Multi-Sensory Aids in 
the Teaching of Mathematics, Ei^itieth Yearbook. Teachers Col- 
lege, Columbia University, New York, 1945. 

National Council of Teachers of Mathematics, A Sourcebook of Mathe- 
matical Applications, Seventieth Yearbook. Teachers College, Co- 
lumbia University, New York, 1942. 

Pearson, Stanley C., “Paper Models and Devices Useful in Teaching 
Physics and Mathematics,” Science Teaching Ideas II, National 
Science Teachers Association, Washington, 1955, pages 23-27. 
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chapter 21 I I M eighth grade science class 
this morning, David Skillman is observing and making predictions from the 
clouds and homeynade weather instruments. Dick Grasso is soldering the 
connections for a one tube radio. Near the windows Kathtj Baffa is placing 
cloth wicks from a bucket of water to some house plants to provide suffi- 
cient moisture for the weekend. In the darkroom Joijce Ruthe^ord is learn- 
ing to develop a roll of film and make prints, while at a table George Neil 
is completing his thirteenth article blown from glass. At the front of the 
T 007 n, Rosemarie Stompo is etching glass by using a formula consisting of 
cockroach powder, sulfuric acid and tvater; this information she found in 
a science magazine. Bill Robinson has made an incubator from store boxes, 
light bulb, wire and a borrowed thermostat. Through a lens, he is ob- 
serving the heart of a four day old chick embryo which he has just removed 
from his homemade incubator. 

A relief map of Pennsylvania is being constructed from modeling clay by 
Norman Vamlor. Don Litilewood has assembled an observation beehive 
with a glass enclosed ramp. He is surprised to find from his study that 
Some of the bees live only several months, that the hive is air-conditiotwd 
by the bees moving their wings, and that one colony consisting of ap- 
proximately fifty thousand bees makes a surplus of fifty to one hundred 
pounds of honey in one season. At the back of the room Dick Winn has 
set up an aquarium in which a pair of Paradise Fish arc courting each 
other by spreading their highly colored fins intcrmittcnlly.’' ‘ 

* Ftojh Getty, Janies II., ‘The Individual PWjcc-t MctJiod," Sc/ic/at Science 

Tcacliiri" Utcas of 1953, Natiotwl Science Teachers Associatiuii, \V.iiliiiigtoii, 

1953. 
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This is a picture of James Getty’s general science class at work. Or 
rather, it is a picture of his pupils at work. Because this is not mass 
education; this is individualized instruction. 

The project method, as used by Mr. Getty, is a recognized instruc- 
tional technique. It should be in every science teacher’s repertory. 

THE NATURE OF THE PROJECT METHOD 
The use of projects is not new in education. Teachers of academic 
subjects have assigned library research projects for generations. 
Teachers of vocational subjects have used projects as basic assignments 
ever since their courses were first developed. Science teachers, how- 
ever, have in recent years brought out the potentialities of projects most 
fully by combining the elements of tlie practical problem and the 
academic problem. 

What is a project? “There is nothing unique in the term ‘Project’ as it 
is used here ... its present use is simply to indicate a problem, usually 
involving the use of apparatus and materials, undertaken by an in- 
dividual or a group.’’ ® A problem may be as simple as making a 
collection of leaves. It may be as difficult as developing an original 
process for controlling electrolytic corrosion. 

Projects are as varied as the pupils who undertake them. Most of 
these are simple; some call for little more than the ability to follow 
directions, to use elementary manipulative and academic skills, and to 
bring a job through to completion. But sometimes pupils do amazing 
work. 

A project need not be new or original. “Even though a student may 
appear to be copying the design of a device, invariably he will inject 
a new idea. ® Also it must not be forgotten that a discovery or in- 
vention that is well known in the scientific world may be original to 
an adolescent; he can benefit as much by his work as he would if 
his achievements were completely new. 

Who should work on science projects. Any secondary school pupil 
may work on a science project no matter what his talents and inter- 
ests may be. There are projects that will challenge pupils of the 
highest scientific aptitudes; there are projects in which non-readers 
may find satisfaction. 

2 Ri^ardson, John S. and Cahoon, G. p„ Methods and Materials for Teach- 
ing Oenerai and Physical Science. McCraw-Mill Book Company. Inc., New 
York, 1951. 

® Encouraging Future Scientists: Student Projects, Future Scientists of 
Ammca Foimdation, National Science Teachers Association, Wasliington, 
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Special encouragement should be given to pupils of high scientific 
ability. These young people are not sufficiently challenged by the 
conventional program. They can work on projects during the part of 
their class time that they would otherwise sit through without benefit. 
The project method is an excellent way, perhaps the best, tor helping 
talented young people make the most of their potentialities. 

The publicity that exceptional youngsters receive for their achieve- 
ments should not blind teachers to the fact that projects are good for 
all pupils. Pupils who have little interest in science find pleasure in 
project's that combine science with their special interests. Pupils who 
are considered “slow,” which usually means that they are retarded 
readers, find in project work the satisfaction that is denied them in 
most of their school work; they may learn more from their science 
projects than from all other classroom activities combined. 

Pupils who have expressed an intention of entering some scien i c 
occupation should be given special encouragement to work on re- 
lated^ projects. Thus they can learn much about the type 
in whtah they will be engaging and they will 
their interests and aptitudes for this type of work. This knowledge 
will help them in making final decisions. 

How the proi;., method operates. An actual project begins with sems- 

thing a pupil wants to do-a device he wants to f 

he wants to make, an experiment he wants to perform. But the projeo 

method begins earlier; it begins with the teachers plans^ It cannot 

be assumed that pupils begin work on projects 

need help and guidance and occasional prodding if the project met 

is to be effective. . ^ .1,^ 

Most of the suggestions for project work m Mtow 

During regular cltswork he may point out possible *“ ““'J 

up certain topics. He may note a special of surf 

pupil to develop this interest. He -X 
projects or take pupils to science fairs s 

“ HoZer. the teacher must not dictate what a pupil is to d„ or W 

he is to do it. Should he do so. he ”;l”Sr„t:rtu„itl-s 

nient. Part of the value in project work c 

to make choices and plan methods of attac nunils spending 

Although newspaper ^'“cs gwe t le iinprc^^^ 
long hours of their own time on tli P J „.srinds Soinclinics 

areiitjated and carried their 

one or two pupils work apart from tl 
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regular class work. Sometimes the teacher permits all pupils to work- 
on projects during portions of the class time. 

Many science projects are carried out by two or more pupils work- 
ing together. Sometimes an entire class works on a special project. 
Adolescents like to work together; they feci more secure. Many a 
pupil who would not undertake a project alone gladly teams up with a 
close friend. 

Once pupils begin work, the teacher must give continued help- 
providing special materials, instructing in troublesome techniques, sug- 
gesting new approaches, pointing out progress and praising achieve- 
ments. His role is not passive, he is as active as in any other type of 
teaching. 

After projects are completed, the teacher has one more important 
responsibility. He must see that pupils receive deserved recognition 
for their achievements. He may arrange classroom displays and re- 
ports to other pupils or set up exhibits in school corridors and show 
cases. He can enter projects in science fairs and congresses, and con- 
tact local newspapers and radio and television stations to keep them 
informed of notable achievements. 

The contributions of project work. Leland Wilson, a science teacher, 
tells the story of what projects did for a young girl. Mr. Wilson had an 
unusual opportunity to study this case because the girl happened to be 
his own daughter.* 

Through the seventh grade Nancy displayed only a mild interest in science 
hut in the eighth grade she learned about the Future Scientists of America. 
She was stimulated to begin a project on the study of bacteria. She 
followed this project with another and then another, each of increasing 
complexity. 

Working on these projects brought Nancy info contact tctf/i specialists 
in medicine and biology and resulted in her being given an opportunity 
to do some work in a hospital laboratory. She found professional scientists 
willing to help a young person with a sincere interest. They encouraged 
her to try out some of her own ideas while she was working in the labora- 
tory. From these contacts and as a result of the encouragement given her, 
Nancy tentatively chose for her future vocation the fields of medicine and 
bacteriology. 

Mr. Wilson continues his account with an enumeration of the other 
benefits that derived from Nancy’s project work. He mentions, for 
example, the change in Nancy’s xviiling habits; instead of expanding 

* Wilson, Leland L., ‘ What It Did for Nancy,” The Science Teacher, 

October, 1954. ^ 
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paragraphs to produce an assigned number of words, she formed the 
habit of revising and rewriting to produce both conciseness and clarity. 

Mr. Wilson referred to the way project work had filled Nancy’s leisure 
time with meaningful activities. He was much happier to see her 
visiting libraries and laboratories tlian to know she was merely loafing 
with the “gang.” 

The contributions of science projects are as broad as the science 
program as a whole. The subject matter learnings constantly amaze 
judges at science fairs. Equally important as the facts and principles 
learned are the changes in ways of thinking and acting. These contri- 
butions may be summarized as follows: 

1. Stimulating an interest in science 

2. Satisfying scientific curiosity 

3. Developing problem-solving techniques 

4. Encouraging independent thinking 

5. Giving practice in critical thinking 

6. Developing an appreciation for the work of scientists 

7. Making scientific principles more meaningful 

8. Helping develop each individual to the utmost 

9. Increasing self-confidence 

10. Giving experience with tools and techniques of science 

11. Filling leisure time to good advantage 

INITIATING PROJECT WORK 

Project work is almost always initiated by teachers. Occasionally an 
exceptional individual begins work on a project spontaneously, but 
such instances are rare. In some schools pupils are constantly at work 
on projects. In other schools there is never a project worth looking 
at twice. The difference stems from the difference in teacliers. 

Consideration for the nature of odolescents. It is not enough for tlic 
teacher to want to put the project method in effect. He must know 
how to make the method appeal to his pupils and how to attain worth- 
while results from tlieir work. He must know the nature of his pupils. 

Adolescents have a number of characteristics that impel them to 
undertake project work enthusiastically. They like the freedom of 
action permitted them. They like the distinction of working on a 
problem apart from others in the class. They enjoy the status a 
successful project gives them with their peers and with adults. Tliey 
like the favorable recognition and the publicity their projects e.iriJ 
for them. They also like to work with their friends. 

In general adolescents like manipulative work and favor projects 
tlut enable them to make things. Most of lliem like to prtHluce tangible 
things that they can look at with pride. They like the excitemetjt o 
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experiments. Many like animals. They enjoy making and operating 
mechanical models. 

On the other side of the picture, adolescents have a few traits 
that discourage them from project work. Tliey have many immediate 
and pressing problems that take precedence in their minds over any 
form of school work. Young adolescents in particular are little con- 
cerned with the remote future and are apathetic about tasks that 
cannot be completed within a short lime. 

Adolescents are apt to underrate themselves and, althougli they 
might wish to duplicate some of the projects described to them, they 
feel inadequate to do so. They are afraid of failure and ridicule. They 
are particularly sensitive to criticism from leaders in their peer groups 
and may remain aloof from project work if the leaders refuse to under- 
take it. 

Recognition of these adolescent trails makes it possible to introduce 
the subject of project work with reasonable expectations of success. 
However, not every pupil reacts favorably at the very beginning; 
different approaches are needed to fit different personalities. 

Stimulating pupils to undertake projects. There arc any number of 
ways to encourage pupils to begin projects. There are mass methods 
in which all pupils are appealed to at once; these are most successful 
when pupils are accustomed to doing project work. There are 
individual methods in which one or two or tliree pupils are dealt with 
apart from the others. 

The individual conference approach is often successful. The teacher 
notes through some contact with the pupil the existence of some 
special interest. The teacher arranges a conference with the pupil and 
explores this interest. The teacher may need do Jio more than propose 
ways the pupil may follow up this interest. But if the pupil is unac- 
customed to individualized work of this nature, the teacher may need 
to give concrete suggestions for procedures. 

In a second form of individual approach, the teacher describes to 
One or two pupils the nature of some project that would be useful 
in his classroom teaching. This may be the repair of some piece of 
equipment, the construction of some special device, or the creation of 
a chart or model. Many pupils enjoy being thus singled out and 
respond favorably. They usually prefer to work with close friends 
on such projects. 

"^ere are opportunities for individual contacts with pupils in science 
club work. Projects may be suggested on a service basis, as just 
described. Pupils with special interests may be encouraged to follow 
up their interests. 
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Some teachers call for volunteers to do project work. During the 
progress of a lesson they outline one or more follow-up studies and 
ask if any pupils would like to undertake them. Again pupils often 
volunteer more willingly if allowed to work with friends. 



Pupils are apt to be influenced by the examples of others. If a single 
pupil or a group of two or three pupils has undertaken a project and is 
.vorking on it where others can watch, perhaps during a portion of the 
regular class period, the remainder of the class becomes favorably 
inclined towards project work. Perhaps at first they are more influenced 
by the consideration the others receive hut once started it is possible 
that they will become interested in tlie project for its own sake. 

The influence of example can also be utilized by requesting pup. s 
who are working on projects to make interim reports. Tins awaken. 


Traducts of project work are often excellent visual aids. This large scale 
model of a triode vacuum tube, made from tin cans, dowels, metal sheeting, 
plywood, and wire, has proved invaluable in the study of vacuum tube con- 
struction and operation. 
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interest in the projects early and keeps interest high until the com- 
pletion of the reports. 

Pupils who are working on projects for other teachers or for science 
clubs may be invited to describe their activities to a class. This may 
not be so effective as reports from members of the class but certain 
pupils might be challenged by some of the more elaborate projects. 

Some teachers retain projects made by former students. Introduced 
at the beginning of the year they help pupils see the possibilities for 
similar efforts by themselves. 

Many teachers are setting aside one unit in their programs for 
individual project work. They encourage pupils to propose their 
own problems but they also supply lists of possible projects that pupils 
may choose to work on. Such a unit is commonly placed rather early 
in the school year so that pupils may if interested follow up their 
projects through the remaining months. Other pupils, once acquainted 
with the project method, may find In following units possibilities for 
projects that will hold their interests. 

It is always good motivation to take pupils to see science fairs. 
Commonly schools send bus loads of pupils to community and regional 
fairs. Many pupils are inspired by the entries. Most pupils come 
away feeling that they too could develop projects the equivalent of 
many of those they saw. However, science fairs usually come late in 
the school year and pupils do not feci any encouragement to begin 
projects .it once. By the time fall has come the pupils have forgotten 
the impact of the fair, other interests have intervened, there may have 
been a change of teachers, and so the value of tlie fair has been lessened. 
Some way for reviewing the fair is needed, perhaps some of the pro- 
grams, newspaper clippings and photographs on tho bulletin board, 
or a viewing of colored slides may be effective. 

Perhaps the one thing that teachers should not do is assign a 
project to a pupil. Such a project would be no different than any 
other assignment. It might, if properly chosen and if the pupil were 
receptive, stimulate the pupil to spontaneous efforts. But the chances 
are, if the teacher has not been able to appeal to the pupil in one of 
the ways just described, that he will resent tho assignment and no good 
will result. 

Providing ideas for projects. It has already been mentioned that many 
ideas for projects will arise from regular classwork and from a knowl- 
edge of a pupil s special interests. It is helpful, however, to know 
something of what pupils have done in the past in order to make 
suggestions. Many of these projects will be suitable for repetition and 
many will need only alteraHon to fit special needs. 



Science projects 


537 


Programs of science fairs give hundreds of suggestions. Lists of 
projects have been published in several sources, including the sponsor’s 
handbook of the Science Clubs of America ® and the pamphlet, “En- 
couraging Future Scientists: Student Projects.”® 

Science teaching journals contain descriptions of many projects that 
have been carried out by pupils. These usually represent exceptional 
achievements that lie beyond the abilities of most secondary pupils 
but they can serve as inspiration for the specially talented. Sometimes 
with modification they are useful for other pupils as well. 

Textbooks often contain suggestions for projects, these are usually 
appropriate for pupils of average ability. Also valuable are the “do-it- 
yourself’ science books written in increasing numbers for boys and 
girls. The familiar materials, the simple techniques, and the clear-cut 
directions make these books appeal to young people. 


FITTING PROJECT WORK INTO THE PROGRAM 

Class and group projects carried out as part of the regular class 
work are fitted into the program just as are other standard teaching 
techniques. The problem of encouraging completely independent 
work is somewhat different. 

One or more pupils may be permitted to work on projects while 
other pupils carry out regular assignments. Rarely are these special 
pupils given all of a class period for project work. Instead they 
participate in most of the general activities of the class and spend 
only part of a period on their own interests. 

The practice of excusing pupils from uniform class participation has 
been criticized on the grounds that these pupils miss important work. 
Actually the loss is negligible. These pupils do participate in the 
most important of the learning activities. If they are superior students, 
and many project workers are, they grasp the new material much 
more rapidly than the others and do their project work in time that 
they would usually waste if forced to work with the others. 

Occasionally the retarded reader is excused from certain activities 
to work on his project. He may learn little from textbook or notebook 
but he will probably learn a lot from his project work. 

As for the other pupils-each is a special case and only the teacher 

® Science Clubs of America Sponsors Hanilhooh. Science Service. Inc.. 

Washington. . r 

EncouraDini: Future Scicatists: Student Projects. Future Scientists ol 

America Foundation, National Science Teacliers Association. Washington. 

J95-1. 
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can decide whether he will profit more from regular class activities 
or from special project work. 

As has been described previously, teachers also set aside class time 
for all pupils to work on projects. Tliis docs not mean that full periods 
are used for project work. It is usually better to begin each period with 
general reviews, summaries, drills, tests, or the presentation of new 
material. Only the last half hour or so is given over to project work. 



Even as the remainder of a class pursues a planned program, individual 
pupils may be detached for short intervals to work on special projects. This 
boy is using part of chemistry period to experiment with the production of 
alloys in an arc furnace. The time he spends in regidar classwork is sufficient 
to keep him abreast of the other pupils and to insure satisfactory achieve- 
ment. 

Adolescents find it difficult to concentrate intensely for much longer 
than twenty minutes and to hold them at their tasks for a greater 
length of time may result in waste of class time. However, all situations 
are different and there are occasions when general interest is so high 
that a full period may be utilized profitably. 

During the remainder of the school day, pupils may find time for 
project work during study periods, noon recesses, and activity periods. 
When a teacher finds a pupil of special ability eager to work on a 
project it sometimes pays to make arrangements to have him excused 
from some of his study periods. This type of pupil usually has a good 
academic record and there is little difficulty in making the arrange- 
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ments. This pupil may then work on his project in the science labora- 
tory even if a class is present. Tlie presence of a pupil working by him- 
self is rarely disturbing. 

The noon recess is often a time wlien tJie science laboratory is free. 
If a teacher can be present for much of this period, perhaps bringing a 
lunch, many pupils are encouraged to work on projects rather than 
go home for lunch or engage in games. The teachers presence is 
desirable, not for constant supervision but as a person to turn to when 
special problems arise. The teacher will also find it an excellent time 
to become well acquainted with tlie pupils. 

Science clubs usually provide time for individual project work. 
After the business, if there is any, is out of the way, the remainder of 
tlie meeting becomes a laboratory period. This may happen two or 
three times a month. 

During the remaining activity periods of the week, pupils may be 
expected to participate in other types of activities. The science teacher 
should encourage pupils to be members of musical organizations, serve 
on publication staffs, and join In dramatic productions. But there are 
certain pupils xvlio vvill benefit more from science project work than 
from the activities in which they are often forced to participate. 
Special pleas should be made to let these pupils come to the science 
laboratories for the advantages the science program can give them. 

As pupils develop genuine interest and skill with project work they 
begin to use time out of school on their projects. Many of them are 
willing and eager to stay after school if the teacher will let them. 
Whenever possible a teacher should keep his laboratory doors open in 
the late afternoon. He need not supervise the pupils closely. He may 
even leave the room for short intervals or go to faculty meetings 
if the work being carried on is not dangerous. His presence as a 
person to refer to in case of trouble is usually all that is needed. 

Pupils will also put a great deal of time into their projects at home 
if they are sufficiently stimulated. The top winners in the national 
contests have probably put in three or four hours of outside time to 
every hour of school time. Such high interest does not come spontane- 
ously. The teachers of these boys and girls have given them class time 
until they were started on their projects. Then they gave them special 
encouragement and permitted them to work in the science laboratories 
during extra-class time and after school. The more the pupils worked 
the more challenging became their problems and soon their project 
work began to dominate much of their waking liours. And so the 
teachers really provided out-of-school time without setting aside 
hours or making schedules for tlieir pupils. 
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PROVIDING FACILITIES FOR PROJECT WORK 

Many pupils do not engage in science project work simply because 
they have no place to operate. They live in small apartments or under- 
privileged homes. There are occasionally parents who forbid them 
or at least discourage them from activities that involve construction or 
experimentation. A number of pupils have possible facilities at home 
but do not know how to take advantage of them. It is the science 
teacher’s responsibility to help pupils find places to work. 

Science classroom facilities. To provide adequately for science project 
work a classroom needs free floor space, ample table space, special 
facilities such as electricity, gas, and running water, and storage space. 
Many classrooms are not well adapted for project work but alterations 
can often be made without destroying the usefulness of the room for 
regular class work. 

Floor space is needed when pupils wish to lay out large sheets of 
paper for charts and friezes, and when they wish to utilize large pieces 
of panel board. Movable tables and chairs permit needed floor space 
to be provided in a few moments. 

A large amount of table space is also desirable. Movable tables 
already referred to can provide part of this space. Wall benches can 
provide the remainder. The ideal table is solid, and not easily 
damaged by the activities that it will be used for. 

Mr. Davenport built for his science classroom two tables patterned after 
picnic tables. The tops were of two-inch planks firmly attached to sturdy 
legs. When not in use for laboratory and project work, pupils sat at them 
as theij ivould sit at the desks the tables replaced. 

Almost any kind of project work could be done at these tables. They 
were not harmed by carpentry work; naik or drills passing through 
boards only made holes in the tops. Pounding did not loosen the joints 
or mar the oiled finish. Water did not stain them. Acid stains could 
be sanded off with a power sander. When the top became too battered 
it could be sanded off or turned over. 

The tables were adaptable for many uses. If an overhead support 
was desired, a framework of boards could be nailed to the table. If n 
hole through the top was needed, a pupil could get on top and bore 
the hole. Strings could be attached with thumbtacks. Wires could be 
attached with staples or screw eyes. No other type of laboratory table 
has ever been so useful. 

A good workbench with a carpenter’s vise is essential, together with a 
set ot tools in a cabinet that can be locked. A pair of saw horses have 
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numerous uses. A second workbench fitted for metal work is also 
desirable. 

Storage space is always a critical need. Space is needed for the raw 
materials essential for project work— cans, bottles, lumber, wire, junk. 
Space is needed for the projects that are in various stages of com- 
pletion-space where they can be kept out of the way of classes and 
yet be readily available when pupils want to work on them. Space 
is needed for storage of completed projects pending a science show in 
which they will be exhibited. 

Architects almost never think of the storage problem. When 
facilities have not been provided the teacher may be able to requisition 
lockers and cabinets. Sometimes he can build cabinets. If there is a 
closet nearby, the administration might be receptive to the idea of 
its use by the science teacher. If there is unused space in the basement 
or attic, projects may be put into “dead” storage by encasing them 
tightly in shipping cartons. 

Special project rooms. In recognition of the value of science project 
work, some new buildings have special project facilities adjacent to 
regular classrooms. In older schools, teachers have been able to con- 
vert preparation rooms and storage rooms. 

Dflcid Kraus set up a special project room in one of the New York City 
high schools. His interest was in gifted pupils and the reasons he gave for 
the establishment of the room were: 

1. To provide added experience in activities. These should help the 
student explore his potentialities in the determination of his vocational 
choice. 

2. To provide the student who will specialize in science an early start 
in the development of the intellectual, emotional and mechanical knowledges 
and attitudes which are part of the equipment of the scientist. 

3. To provide opportunity for our better students to accumulate a record 
of accomplishment which is of far greater importance for college acceptance 
than the mere possession of high grades. 

. 4. To give gifted children an opportunity to associate with each other. 

5. To provide project work that would enrich classwork. 

The room was equipped with two binocular microscopes and three 
monocular microscopes. Additional supplies were obtained from various 
sources. The science teacher who had charge of the room was relieved of 
a school duty in compensation. 

Tor the first year, nine gifted students, whose IQ was 130 or above, were 
chosen after consultation with teachers, reference to permanent records, 
and a personal interview. 
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The nine selected students were permitted to use the room 
last period of the day and after school Iwurs. Pro,ect work engaged in 
reqled the approval of the teacher who helped each 
IPs plan of wok At first the students did not keep good records but 

eventually they realized their importance. , , / 7 » -nt^rmal 

The students submitted their problems and methods of attack at mforma 
seminars where they sometimes literally tore each others reports to pieces. 
Some of the pupib explained their profeets to regular science classes and 
provided demonstration material to enrich and supplement the regular 
work of these classes.’’ 


Other possible facilities for profect work. Many pupils can work at 
home in their own rooms and in game rooms or workshops. They 
sometimes need advice about using their specific facilities and they 
may need cautions about the use of fire, acids, and other potentially 
hazardous items. If parents understand the importance of project- 
work they sometimes help their children with the needed facilities. 

In some cities, the museums, zoos and other science centers make 
available on a regular schedule work rooms for pupils with special 
interests. A teacher should investigate these possibilities and tell Ins 
pupils about them. 

Unusual boys and girls, who have demonstrated high interest and 
competence in science work, have been invited by industrial laboratory 
heads and college science instructors to carry on project work in their 
institutions. While these are exceptional cases, a teacher, should he 
encounter one of these unusual pupils, may investigate similar possibil- 
ities in his own community. 

Many students attend summer camps. While school projects are 
not a part of the summer camp program, the collection of specimens 
of insects, leaves, rocks, and the like is often part of the nature study 
activity. These collections can be used during the school year as the 
basis of pupil projects. 


WHAT TO DO WITH PROJECTS 

Pupils need recognition for their accomplishments. Ideally perhaps, 
pupils should work on special science problems just because they are 
interested; but boys and girls are human, and it is human to desire 
recognition for what one does. 

Recognition may be no more than a few words of praise from the 

‘ Kraus, David, Starting a Scieiace Project Room,’* Selected Science Teaching 
Ideas of 1952, National Scdence Teachers Association, Washington, 1953. 
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teaclier. Better yet, recognition means increased status in the eyes 
of classmates and adults. 

Recognition may be improved grades. Though many adolescents 
seem to be uninterested in grades lack of interest is partly a defense 
against the fear of failure. All pupils react favorably to high grades no 
matter what their outward reactions. 

Recognition may take the form of tangible rewards, prizes, money, 
or scholarships. Because so few pupils can attain this degree of success 
it is better not to stress tangible rewards. 

Reporting student projects. Some form of reporting on projects is 
needed so that the whole class can benefit from the experience of 
those who worked on the project. The length and type of the report 
is determined by the objectives of the project method. Sometimes the 
primary reason for projects is to give the pupil experience in working 
with materials and in planning and thinking in terms of scientific 
principles and applications. In such a case, a brief written or oral 
report will be sufficient. 

Often the teacher considers the report to be an important part of 
the project and considerable planning and preparation are involved. 
A well-planned oral report will be informative to the class and will 
also help the student who is reporting to gain a degree of poise and 
self-confidence. Under most circumstances, the report should not be 
read to the class because first, most students have little or no ex- 
perience in reading to a class and tend to be self-conscious, and 
second, the students have a tendency to copy the material for reports 
from an encyclopedia, college text or technical book and this results 
in the use of many difiicult and unfamiliar words and a style unsuited 
to oral presentation. These factors will make the reading of reports 
a painful and monotonous experience for the class and the reader, 
with no satisfactory learning experience derived. 

Instead of writing out the report, a few notes can be put on a 
card to guide the speaker, or a short outline can be put on the 
chalkboard where the student can refer to it and the class can use 
it for note-taking. The report should be given informally. It should 
deal with the purpose of the project, the materials used, the manner 
of construction and the problems encountered. The report should 
include a demonstration or explanation of the project and the scientific 
principles involved, and include practical application of the principles. 

Interim reports as well as final reports are valuable. Interim reports 
enable pupils working on projects to organize their work more care- 
fully because of the criticisms and suggestions of others. Interim 
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reports help awaken interest on the part of classmates as problems 
are outlined and methods of attacks are proposed. 

Written reports on projects may be required by the teacher, and 
can be useful training to future scientists in the preparation of 
technical reports. The written report may be designed in the following 


I Summary 

A. Topic or problem investigated 

B. The purpose of, or reason for, the investigation 

C. Important results or information gained bom the investiga- 
tion 

D. Suggested action based on the results of the project 

II Discussion 

A. Circumstances leading up to the project 

B. Acknowledgement of help received from other people 

C. Methods used in making the Investigation 

D. Conclusions and the reasoning upon which these conclusions 
were based 

III Appended Materials 

A. Drawings, photographs, graphs, tables, maps, calculations 
and other evidence supporting the project report 

B. Other material dealing with the project not included under 
anotlier listing * 

Providing opportuniVies for demonstration and display. Reports in 
the classroom need not be formal. An exhibition of a collection, a 
demonstration of an experiment, or the operation of a model, attended 
by a few words of explanation may be all that is needed. Pupils 
viewing the presentation should have opportunities for questioning 
and for suggestions. 

Some types of project work lend themselves to static display. Flat 
materials such as charts, paintings, and leaf print collections may be 
tacked on a bulletin board. Many other items— models, results of ex- 
periments, collections of rocks— may be placed on side tables. It is 
often wise to exhibit one project at a time to center attention on one 
pupil’s work and to avoid the inevitable comparisons that result when 
two or more projects are placed side by side. 

Unusually good static exhibits— those that do not need demonstra- 
tion-should be displayed to the entire school. Many schools have 
wall cases in the corridors for just such displays. Projects exhibited 
should be accompanied by labels explaining them. 

* National Science Teachers Association, “Science Projects as Stepping 
Stones to Careers in Science,” The Science Teacher, November, 1956. 
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When show cases are lacking there may be ways to provide op- 
portunities for display. 

Two of Mr. Appleby's general science classes made a study of a beaver dam 
a short distance out in the country. They collected evidences of the 
beavers’ tcork and took pictures of dam and house. 

Mr. Appleby put a table in the main foyer of the school, out of the main 
stream of traffic but accessible to everyone. Specimens were placed on the 
table and photographs were tacked to a panel of fiberboard behind the 
table. 


Certain types of projects lend themselves to presentations at all- 
school assemblies. The projects should be of general interest. 
Materials displayed should be large enough to be visible from all parts 
of the auditorium. Special lighting and projection facilities may be 
needed. Programming should provide plenty of action, variety, 
change of pace, and humor. 

The all-school science show, which will be described in a later 
chapter, provides c.xcellent possibilities for suitable recognition. The 
date for the show is usually set for the spring so that all pupils will have 
opportunities to work on entries. Some teachers insist that all pupils 
provide at least one exhibit; other teachers make exhibition optional. 

It is desirable that parents and other adults visit the show as well 
as pupils. For this reason the show may be given in conjunction with 
a P.T.A. meeting or an open house. The exhibits are set up during 
the day and all the pupils in the school are given opportunities to look 
at them. The exhibits are then left up for the evening meeting. All 
exhibits are more effective if the pupils who prepared them can be 


present to explain them. 

Some science project work is newsworthy and photogenic. Local 
newspapers usually assign reporters to cover school activities. These 
reporters are happy to be informed about unusual projects and school 
science shows. They commonly bring cameramen with them to 
photograph the exhibits and the pupils involved. The resulting 
publicity is gratifying to pupils and to their parents. 

Radio and television news reporters are also happy to learn about 
school science shows, winners in competition, and any special recogni- 
tion that pupils achieve. Commonly, television cameramen visit science 
shows to record the activities, and program directors often invite 


pupils to bring their projects to the stations for interviews. 

Superior proiect work should always be entered in regional, state 
and national competition. At these science fairs and congresses, pupils 
see what other pupils are doing and they talk with experts w lo 
out the strengths and weaknesses of their work. Winners in su 
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competition receive substantial re^va^ds that may help them in 
furthering their scientific study. 

Finally, pupils should be given opportunities to write up their 
projects for publication. Brief accounts may be accepted by the 
school newspaper. A science newsletter may be planned specifically 
for printing reports of projects. Local and state science teachers’ 
associations usually publish a newsletter or bulletin in which pupils’ 
projects may be reported briefly. Junior academies of science may 
have special bulletins for this purpose. On the national level there are 
the journals of the several science teachers associations and the organ 
of the Future Scientists of America, an organization set up to foster 
pupil research. 

Evaluating and grading projects. As pupils work on their projects the 
teacher should keep clearlv in mind what project work is trying to 
accomplish. He will evaluate each pupil’s work in terms of these 
objectives. 

His evaluation is necessarily subjective. He can set up no rigid 
standards for judging the work of all pupils. Nor should he want to. 
Project work is important because it encourages individuality. Evalua- 
tion then must be in terms of the individual. A piece of work that 
represents a real accomplishment on the part of one pupil may be 
unworthy of the talents of another. Each project should be evaluated 
on its own merits not in competition with other projects, and with 
the abilities, interests, and background of the pupil given full con- 
sideration. 


Suggested activities 

1. Plan a project-centered unit in which the pupils work aS one 
group or m small groups. 

2. Carry out a project of the experimental research type that 
secondary school pupils would be interested in doing. Present a report 
of your findings to your methods class. 

3. List titles of projects in biobgy, with short descriptions of each, 
which you would suggest to pupils with (a) high academic ability, 
(b) average ability, (c) low academic ability. 


Suggested readings 

Anselm, Brother J., “Making Projects Serve Our Individual Needs,” 
The Science Teacher, October, 1953. 

National Science Teachers Association, If You Want To Do A Science 
Project, Washington, 1954. 

. Selected Science Teaching Ideas of 1952, Washington, 1953. 

. Science Teaching Ideas II, Washington, 1955. 
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Richardson, John S., and Gaboon, G. P., Methods and Materials for 
Teaching General and Physical Science, McGraw-Hill, New York, 
1951. 

Science Clubs of America, Sponsors Handbook: Thousands of Science 
Projects, Science Service, 1719 N Street N.W., Washington. 

Wilson, Leland L., “What It Did for Nancy,” The Science Teacher, 
October, 1955. 

Yulish, Charles, “A Student Report Elxploring and Developing a Science 
Interest,” The Science Teacher, November, 1954. 

Zim, Herbert S., “Opportunities for Pupils With Unusual Science 
Talent,” Science in Secondary Schools Today, Bulletin of the 
National Association of School Principals, Volume 37, Number 191, 
Washington, January, 1953. 



SCIENCE CLUBS 


chapter 22 , Ocience clubs have made it 

possible for large numbers of youngsters to find expression for their 
scientific interests. Young people are able to delve into special areas 
much more deeply than they can in regular classroom activities, 
receiving help and encouragement that they might not find were they 
to work independently. 

Science clubs form the backbone of school-sponsored extracurricular 
activities in science. There is considerable evidence supporting the 
belief that science activities out of class compare favorably with 
regular curriculum work in terms of educational outcomes. In some 
instances the former may actually be superior.^ 

The science club presents a less formal atmosphere in which to 
work than does the usual classroom. With increasing informality 
comes a higher degree of cooperation between pupils and teacher. 
Work is more apt to proceed on a basis of mutual understanding. 

In the science club, much more than in the classroom, learning 
is fitted to the abilities and interests of the individuals. There is no 
reciting and memorization of predigested material, and emphasis is 
upon independent study and individual initiative, liberally seasoned 
with opportunities for cooperative work. 

There is carry-over from the science club to the classroom. Club 
members bring to their classes increased enthusiasm which tends to 


1 Science Educatiosi in American Schools, Part I, Forty-sixth yearbook of the 
National Society for the Study of Education, The University of Chicago 
Press, Chicago, 1947. 
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spread to non-members; they share their special learnings. Sometimes 
they present reports and exhibit their projects, all of which have 
teaching value to their classmates. 

Within the club there are opportunities for adolescents to mature 
in their attitudes and their relationships to each other. They work 
together in program planning, in sharing responsibilities, and in 
developing special club projects. They have numerous contacts with 
adults in making arrangements for trips, in inviting and entertaining 
speakers, and in arranging for special help on their projects. 

ORGANlIiNG A SCIENCE CLUB 

Sponsorship of a club is not a responsibility to be undertaken lightly. 
A sponsor must be willing to devote considerable time and energy to 
the club, especially during the initial stages. He must expect to 
provide all the early planning himself; never can he expect the club 
to operate well if he gives it no thought from one meeting to the next.® 
The sponsor cannot expect to be recompensed in any tangible way 
for what he puts into a club. His reward is the satisfaction he gains 
from helping young people develop their interests and special abilities. 
Most club sponsors find this experience sufficiently gratifying. 

Focilitles needed. Before a science club can be established, the ad- 
ministration must be willing to grant the use of certain facilities and 
to provide time for meetings and other activities. The club will need 
the use of one or more classrooms, depending upon the size of the 
club. It will need access to such special rooms as darkrooms and 
growing rooms. It will need occasional access to school shops. The 
club will utilize science department equipment and materials. The 
administration must grant permission for such use and be willing to 
underwrite the extra cost involved. 

The administration must also provide time for club meetings, 
perhaps during the school day, perhaps after school, or in the evening, 
whichever is most practical. In the latter instances it must make ar- 
rangements with the custodial staff to cooperate with the club 
sponsor. The administration must also be willing to provide time 
for special activities— special assembly programs, science fairs an 
the like. . 

The administration can help greatly by freeing the sponsor from 
other responsibilities of an extracurricular nature. It can provide a 
small sum to supplement the club budget. It can provide stenograplnc 

^ Publications useful in organizing and maintaining a science club am lifted 
at the end of the chapter. 
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supplies for correspondence and programs. It can allot a limited amount 
of school time for club trips and allow the use of school buses for 
such trips. Above all, it can give encouragement and show interest 
in club activities. 

Type of club. The sponsor must make an early decision as to whether 
the club will deal with a wide range of science interests or be confined 
to a limited area. Generally speaking, the club which deals witli 
science in its broadest aspects will succeed better than an electronics 
club or a chemistry club or a nature study club. The general science 
club fits the needs and interests of the greatest number of pupils, thus 
broadening the potential membership and insuring better selection 
of sincerely interested young people. Pupils interested in such narrow 
fields as radio, airplanes, and photography can operate within the 
structure of the general science club and still work on these special 
interests. 

In larger schools, specialized clubs may be set up if there seems 
to be enough interest. Always, however, there will be pupils who 
do not share in these interests and are then denied participation in a 
science club even though they would benefit from such participation. 
Size of club. Tile number of members in a club has an appreciable effect 
upon its operation. Too few members limits the special projects the 
club may undertake. Too many makes an unwieldy body that is too 
large for close contact with the sponsor and requires formal operating 
procedures. 

Twenty to twenty-five members is considered by many sponsors to 
represent the best size but clubs with as few as ten or twelve are 
often successful. It is better to have a small club made up of genuinely 
interested members than to have a large club which contains inactive 
members. 

If a large number of pupils wish to join a science club, and their 
interest seems sincere, attempts should be made to find a sponsor for 
a second club. In this situation it may be possible to set up a special 
interest club. 

Selection of members. In forming a new club a sponsor may find it 
wise to select a nucleus of pupils who have demonstrated special 
interests in scientific work. This is better than broadcasting an appeal 
for membership which is apt to bring forth a number of pupils who 
are attracted only by the novelty of a new club and who make later 
operation difficult. 

This carefully selected nucleus, which is in effect an executive com- 
mittee, will help set up the general organizational pattern. These 
founding members may determine the qualifications for initiation and 
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standards for continuing membership— usually much higher than the 
sponsor himself would set. They assist in planning the general program 
and developing patterns of procedures to serve as guides in later 
years. From their ranks come the first officers, who are much more 
likely to be dependable than officers elected by a large, unconsolidated 
group. 

Time for meetings. Meeting times vary in different clubs over the 
country. Some meet weekly, some only once a month. It would seem 
that monthly meetings should be supplemented by other activities to 
keep interest from cooling off between limes. 

Many clubs meet after school hours. Under some conditions this is 
practical and has the advantage of limiting attendance to truly in- 
terested youngsters. However, pupils who have jobs or who travel far 
on school buses are denied full participation. 

Most administrators believe that an extra-curricular activity of 
high educational value deserves a place in the regular school program. 
They try to provide meeting times for clubs in a special activity period. 
A club sponsor must then be careful lest pupils attend meetings 
because these seem the least unattractive of the alternatives offered 
them. 


Planning organization meetings. The first meeting of a new club 
serves to introduce prospective members to the type of activities in 
which the club might engage. Its purpose is to stimulate the enthusiasm 
of youngsters who are energetic and easily challenged by intellectual 
problems. This meeting needs careful planning, not to oversell the 
club, but to hold the attention of the young people who will benefit 


most by the club. 

Examples of special projects may be displayed, or field trips de- 
scribed. Slides and films of typical activities are excellent; these may 
be borrowed from sponsors of other clubs and sponsors of science 
fairs. 

The general organization of other science clubs may be described, 
not as patterns to be followed, but to illustrate how science clubs 
operate. From these illustrations future members will gam suggestions 
they may wish to incorporate into their own organization. 

During the first several meetings of a club, the members must be 
concerned with details of club organization. This is a phase that does 
not appeal to many adolescents, parUcularly to those who are eager 
to begin e.xperimenting, doing photography, and taking field trips. 
It may be wise to do much of the organizational work tlirough com- 
mittees who report their decisions to the membership at the re„ul. 
meetings. 
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CHECKLIST FOR THE FORMATION AND MAINTENANCE 
OF SCIENCE CLUBS * 


I. First Meeting 

□. Temporary officers — at 
leas) a president and sec- 
retary-selected 

b. A committee is appointed 
to formulate a constitution 

II. The Meeting of the Constitu- 
tion Committee 

a. What shall be the aim and 
purpose of the science 
club? 

b. What shell be its name? 

c. Membership 

1. Who can become a 
member? 

2. What must a boy or 
girl do to become a 
member? 

d. Meetings 

1. When shell they be 
held? 

2. Where? 

3. How often? 

4. Who shall call special 
meetings? 

e. Money 

1. Shall we pay dues? I 

2. How much? 

3. Con we levy taxes? 

4. How? How much? 

5. For what shall the 
money be used? 

f. Expelling members 

1. For what reason or 
reasons? 

g. The business progrom 

1. How long shall it be? 

2. What shall be the pro- 
cedure? 


h. The club program 

I What kinds of activi- 
ties shall the club 
have? 

2. Who shall decide 
upon and arrange 
these programs? 

i. Officers; 

1. What officers shall the 
club hove? 

2. What will be their 
qualifications? 

3. When shall elections 
take place? 

4. What shall be the of- 
ficer's duties? 

5. Can on officer be re- 
moved from office? 
How? 

6. Shall officers filling po- 
sitions left vacant be 
appointed or elected? 
And how? 

j. Any other regulations you 
think important to put into 
the constitution 

I. Second Meeting (and prob- 
ably the third) 

a. Presentation of the con- 
stitution 

b. Discussion and revision if 
necessary 

c. Adoption by majority vote 

d. Election of officers 

e. Business meeting to get 
the club's program under- 
way 

f. Setting up a year's pro- 
gram 


• Adopted from on outline prepared by AAorris Meister m 
by Elwood 0. Heiss. Elljworth Oboorn, and Charlei Hoffm, 
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Page 552 lists suggestions for the business to be taken up in the 
first two or three meetings. This business could well be apportioned 
out over many more meetings, with but ten or fifteen minutes of each 
meeting devoted to consideration of a limited number of topics. 
In the meantime, the club may take a field trip, see a special film, 
watch the sponsor demonstrate a Geiger counter, participate in printing 
pictures, and be entertained by a committee presenting a “Chemical 
Magic” show. 


PLANNING THE CLUB PROGRAM 

Club members should be responsible for the program almost from 
the beginning. If the initial membership is small, all members may 
sit in on the planning, otherwise a special program committee should 
be appointed. This committee should have the power to appoint tem- 
porary committees to take responsibilities for special meetings and 
special events. 

Preliminary decisions. The first meeting of the program committee 
each year must give attention to organizational problems. The list 
given on page 552 can serve to set the agenda for the meeting that 
organizes a new club. It may be used in succeeding years to call 
attention to matters needing reconsideration. From the discussion 
of the items on the agenda the committee may set general or special 
meetings to deal with the problems raised. 

Setting up a program for the year. A science club needs a forward 
look; it cannot succeed with day-to-day planning. On the other hand, 
adolescents cannot work out details for months in advance; their 
interests tend to be more immediate. It is better to prepare a skeleton 
which will be filled out as the year proceeds. 

One procedure that has worked well with adolescent planning 
groups is to encourage them to prepare a calendar on which is listed 
one special project or meeting for each month. If advance arrange- 
ments must be made for any of these special events, responsibilities 
are delegated immediately. Otherwise details are worked out a month 
in advance by the planning committee at its regular meetings. 

The sponsor may make suggestions for these special events but 
decisions should be left up to the members. The sponsor is an advisor, 
not an officer in the club. 

Among the special events that may be listed are special films, 
guest speakers, and visitations. Committees may be appointed to 
select the films and order them, to contact possible speakers, and to 
make arrangements for visitaUons. This should be done well in 
advance. 
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The club may undertake service projects, perhaps for the science 
department, such as helping with an inventory, or for the school, 
such as planting bulbs. A club may take on occasionally such a project 
as preparing Christmas decorations for the foyer of the school; one 
club decorated a tree with flasks of colored water and other science 
materials to produce a novel but effective display. 



Much of the rcspotmbilittj for this science fair teas assumed by a science chib. 
Sotc the easily stored table tops and tackboards, which permit display space 
on both sides Table tops and tackboards are covered with short lengths of 
crepe paper in contrasting colors, which delineate the space available to each 
cxhihiior and at the same time provide him with a colorful background for 
his display. 


Tile club may set up special science exhibits; it may produce an 
iissembly program; it may sponsor a school science fair. It may add 
regular services such as the maintenance of a science bulletin board 
in the corridor of the science department, the preparation of a science 
column for the school newspaper, or the presentation of a regular 
series of science radio programs. 

A club may wish to raise money for some special purpose. It may 
ask for the refreshment concession at athletic events or sell things by 
house-to-house canviiss. One club, in keeping with its science theme, 
dipped pine cones in various salts and sold them to people to bum in 
fireplaces for special displays of color. The social needs of adolescents 
should not 1h5 neglected. The science club may well have at least one 
party a year. 
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Below are the special events in which two science clubs engaged 
during a school year: 

A chemistry club. The activities o£ one chemistry club included 
the following places visited in one year: 

1. A rubber mill 

2. A brewery 

3. A modern hospital 

4. The medical laboratories at the Mayo Clinic 

5. A patent medicine and food products manufacturing plant 

6. A sewage disposal plant 

7. A modern farm implement factory 

8. A plant which produces healing units and air conditioning systems 

9. A soft drink factory 

10. Two ice cream factories and a milk plant 

11. Local gas factory 

12. A modern foundry 

All visitations were preceded with at least one discussion and prepar- 
atory meeting and followed by a discussion of the principles and appli- 
cations of chemistry that were observed. 

The club presented two programs— one before the pupil body and 
one before the Mothers’ Club or P.T.A. A quarter hour of the assembly 
program was presented over a local radio station.® 

A general science club. A general science club carried out the fol- 
lowing activities in the course of a year: 

1. Attended annual Dahlia Show. 

a. Group then discussed how flower shows were conducted. 

2. Attended a “Bird Lecture.” 

3. Visited Franklin Institute and Pels Planetarium. 

4. Had a picnic which included a “Nature Hunt, races, games and 

a “Treasure Hunt.” , , , 

5. A geologist visited the group and told them about volcanoes and 

6. A herpetologist visited and brought some snakes which he talked 

about. , 1 . 

7. Had a movie patty where the students brought their own movies 

and operated the projectors. 

8. Took a trip to the Maryland Academy of Science. 

9. Visited a zoo and had a contest on animals. 

10. Visited an airport and took a ride in an airplane. 

11. Took a trip to Hopkins Botanical Gardens. 

12. Took a sight-seeing trip to Washington, D. L. 

13. Held a “Hobby Show.” 

14. Prepared own flower show. 

’From HoII, Arthur G., Seccmhry-SchocI Sclcucc Teaching. Tl.o Dlaki-ton 
Co., Toronto, 1949. 
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15. Had a lecture on birds and bird calls. 

16. Held a “Science Experiment” afternoon. 

17. Arranged displays for the sdiool bulletin boards. 

18. Had a “Curiosity Meeting.” * 

Planning general meetings. The basic program for the year deter- 
mines in advance the nature of a number of regular meetings. One 
meeting, for instance, is usually needed for the initiation of new mem- 
bers. Visitations take ujj other days. A science show, if one is spon- 
sored by the club, occupies another day. All such meetings will be in 
the hands of special committees. 

Portions of other meetings will also be determined in advance by the 
master schedule. Films and guest speakers take up the major part of 
the meetings in which they are employed; again special committees 
would have made arrangements in advance for these features. Por- 
tions of a number of meetings will be used in preparations for other 
events— assembly programs, initiations, and the like. These meetings 
will be guided generally by the respective committees. 

The business portion of general meetings is in the hands of the 
president of the club. Tlie sponsor may help him prepare the agenda 
for these meetings, giving advice as to which matters may go to com- 
mittees for action and which should go before the membership body 
for discussion and vote. The sponsor should try to keep the agenda 
from becoming cluttered with trivia that result in idle chatter. He 
should try to hold the business to one or two matters per meeting, rec- 
ommending several short business sessions rather than a few long ones. 

The sponsor is usually responsible for the first meeting of the year. 
This meeting should proceed with vigor to set a pattern for later 
meetings. Films or slides of work done the year before interest pupils, 
who enjoy seeing themselves on the screen, and stimulate them to try 
to better previous achievements. 

Some of the same considerations that govern good lesson planning 
should govern the plans for club meetings. No one activity should be 
carried on for too long a time. A ten-minute business meeting and a 
twenty-five minute film make a good pairing. After a fifteen-minute 
talk by a guest speaker there may be a ten-minute question period; 
the remainder of the time may be used by one or two demonstrations 
by club members to show the guest what the club does. A committee 
may present general plans for a club project for ten minutes, a free 
discussion period may follow as long as needed, after which pupils 
volunteer for sub-edmmittees and break up to begin planning their 
activities in the project. 

^ From Moody, Rosalie, “A General Science Club,” Baltimore Bulletin of 

Education, March-May, 1951. 



Science clubs 


557 


Variety in programming is always desirable. One week a field trip 
may take up the meeting time. The next week might be devoted to 
work on special projects. The next week some bit of entertainment 
might enliven part of the meeting. One week might be very serious; 
the next week tlie meeting might include some humor. 

MAJOR CLUB PROJECTS 

Young people find much satisfaction in activities that bring everyone 
together for constructive work. Such projects do mucli to weld mem- 
bership together into a loyal body that takes pride in the organization. 

Establishing a science museum. Establishing a science museum is one 
example of a project which the science club might undertake. The 
science museum does not have to be a dark room cluttered with 
mounted animals and obsolete equipment that is not currently in use. 
Nor does it have to be an elaborate exhibit of expensive apparatus. A 
school science museum might well consist only of simple displays 
placed on a table or in a glass-front cabinet. The corridor often serves 
as a museum, but a separate room, if available, makes a much more 
desirable arrangement. 

One of the chief advantages of a small area for display purposes is 
the need to change the display at regular intervals. These frequent 
changes can be made by members of the science club. An exhibit 
that has been on display for a long period of time loses its value. 

Displays attract attention and arouse questions. This in turn creates 
an interest which can result in improved classroom work. If the dis- 
play has been collected or set-up by science club members, it can be 
used directly in the science class. Club members can set up their 
exhibits in the classroom and then make up questions to be answered 
by the rest of the class. Displays made by club members can also 
serve to initiate questions from other students. 

Projects and collections that become a permanent part of the mu- 
seum can be used as illustrative materials for future classes. Not only 
does it reduce the cost of science instruction, but it also provides 
materials that are unobtainable at supply houses. 

Science assembly programs. One of the functions of school assemblies 
is to give the pupils an opportunity to plan and present programs for 
the rest of the student body. The science club is often in the best posi- 
tion to assume the responsibility for such programs. Science classes 
and clubs have the material for a host of novel as well as educational 
programs. 
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The program material can be taken from the various brandies of 
science or it can revolve around a certain topic. A few topics that can 
provide material for assembly programs arc; 

1. Electrical household appliances 

2. Air pressure 

3. Uses of nuclear energy 

4. Combustion 

5. Science hobbies 

6. Electronics 

7. Dry ice experiments 

8. Conservation 

9. Meteorological equipment and weather observations 

10. Life in a drop of water 

11. Community health 

12. Consumer education 

13. Science and magic 

14. Men of science 

15. Experiments with sound, light, etc. 

16. Science vocations * 

Maintaining a bulletin board. Science club members can be respon- 
sible for maintaining the bulletin board in a classroom. The bulletin 
board should be attractive and have appropriate captions. The display 
might enhance the regular classroom work. 

Writing for the school newspaper. Each member may be responsible 
for writing up a science news article that would be submitted to the 
school newspaper. The article should be scientifically accurate, inter- 
esting, and well written. 

Presenting demonstrations or exhibits to the elementary school. When- 
ever a science club has an interesting exhibit or demonstration within 
the realm of understanding of elementary school pupils, the members 
should be encouraged to present it to the lower grades. This would 
help to stimulate science interest in the elementary grades. 

Making demonstration materials for the science classroom. Science 
club members can make materials, such as homemade lantern slides 
or simple demonstrations, apparatus, microscopic preparations, pre- 
served specimens, picture files, charts and diagrams. These may be 
kept and enlarged upon from year to year for the use of the entire 
school. 

Maintaining an inventory of science materials and equipment. A help- 
ful service for a club to perform is to check science supplies and 

® Marshall, J. S., “A Program for Increasing Student Interest in Science,” 
School Science and MaiJiematics, November, 1954. 
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provide each teacher in the building with a current inventory of equip- 
ment and materials in the building. This would not only be a time 
saver for teachers but would assure maximum utilization of such 
materials. 

Repairing and maintaining science equipment. Many pieces of equip- 
ment can be repaired without too much diflBculty if the science teacl'^t 
has the time. Often the equipment can be repaired by science cl 
members who have mechanical aptitude. Along with this, science c' 
members can help to keep science materials orderly so that they can bs. 
found when needed. 

Setting up demonstrations for the science teacher. Science club mem- 
bers can assume the role of laboratory assistants. They can be very 
helpful to teachers in setting up apparatus in preparation for a demon- 
stration or for a laboratory period. They can also dismantle and store 
the apparatus after use. 

Finding resource people in the community. Many club members come 
in contact with outstanding scientists in industry and in universities. 
These individuals may be invited to speak at assemblies and regular 
club programs. Science teachers should evaluate these individuals 
before they are approached by science club members. 


EXAMPLES OF SCIENCE CLUBS 


A junior high science club.® The Grant Science Club is the product of 
over fifteen years of experience. Through the years it has gradually 
evolved to its present form, which has proven most successful for t ic 
junior high school level. The club is limited to twenty-five members 
and the only basic requirement for entrance is a keen interest m science. 

Selection of new members. Prospective candidates assemble after 
school for a brief meeting at which they learn the story of the Grant 
Science Club and its activities. They are told that if they wish to join 
they must submit within a week's time a sample science project of Ihc.r 
own creation-a scrap book, a nature collection, a report of work nitli 


a chemistry set, or the like. . , , it 

On the assigned day, the projects are displayed after schoo . 
is identified only by a number. Each clnb member exainiiies them 
rates them from 1 to 10. The ratings are , I'm 

are listed by rank. An arbitrary dividing hne is established, 

« Prepared by Charles G. Gardner of die Grant Jmnor High Sd™!. Syraense, 

N. y;, who has sponsored the club unco ils ongiii. 
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ates depending upon the numbers which can be taken in to fill the 
membership of the club. Applicants receive notification slips and 
return to pick up their projects. 

Successful candidates are invited to an interview by the club mem- 
bership committee, which tries to find out their reasons for wishing 
to enter the club, their special science interests, and something of their 
respective personalities. The club members take this very seriously 
and make a careful evaluation. If a candidate does poorly on the in- 
terview he is personally interviewed by the sponsor. The sponsor talks 
with the home room teacher of each candidate to determine whether 
there is any reason why this person should not join the science club. 

Personal letters signed by the club sponsor and the club president 
announce the decision of the club to the successful candidates and 
invite them to the next meeting at which they are initiated. Harmless 
initiation tricks are played on the blindfolded initiates, under the care- 
ful supervision of the sponsor, to the great delight of the members. 

The new members are then officially welcomed into the club and 
given their Third Class requirement card and a mimeographed guide 
sheet. Later they are given a special briefing session after school. 

The point system. The club operates on a point system. Members 
are awarded points for various types of activities. Some of these 
activities are listed below, but members may do many other things 
with the approval of the sponsor. A careful record of points earned 
by each member is kept in a notebook by the sponsor. 

1. Perform an experiment and write it up with a drawing (5 points) 

2. Give book report on scientific book or booklet ( 1 to 10 points) 

3. Report on club trips (1 to 10 points) 

4. Operate the balance scale (5 points) 

5. Operate the microscope (10 points) 

6. Know the 25 common elements and their symbols (10 points) 

7. Construct laboratory equipment (up to 25 points) 

8. Carry out a research project (up to 25 points each) 

9. Do committee work (points awarded according to judgment of 
sponsor) 

10. Participate in science show and congress activities (points deter- 
mined by the sponsor) 

In order to eliminate efficiently the joiners with no real interest in 
science, there is a requirement that new members must earn 25 points 
by the end of the first month and 75 points by the end of the second 
month, in order to remain in the club. Thus the sponsor is assured 
of an active group. 

Through various projects and through participation in club activities, 
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members can progress in rank. The ranks are based on both point 
requirements and special requirements. 


Point requirements 

Beginner: 0- 24 points First Class: 150-224 points 

Third Class: 25- 74 points Expert: 225-349 points 

Second Class: 75-149 points Master: 350 points 

Midux Club (silver pin): 1000 points 


Special requirements 

Third class 

1. Know the location and names of chemicals and equipment. 

2. Pour acid from a bottle correctly. 

3. Wash a test tube correctly. 

4. Light and adjust a Bunsen burner and boil watei in a te.'^t tube. 

5. Operate the balance scale. 

6. Know the proper form and write out one experiment correctly. 

7. Read one science booklet and write a brief report. 

8. Be on the bulletin board committee at least once. 


Second class 

1. Know the twenty-five important elements and their symbols. 

2. Know the parts of a microscope and how to use it. 

3. Take an active part in one club program. 

4. Read one science book and write a brief report. 

5. Take at least one club trip and write a report. 

6. Be on the show case committee at least once. i . r 

7. Neutralize a solution of hydrochloric acid with a solution ot 
sodium carbonate and evaporate. 


1. Cut glass tubing, fire polish the ends and draw it out. Make a 
right angle bend. Blow a bubble in the end of the tube. 

2. Change cotton into sugar. Ask permission first. 

3. Work out a science problem given you and show that you think 

and act like a scientist. it*; 

4. Read and write a book report on one of tlie books hsted. 

5. Help to train and pass a new member on some requirement. 

Expert 

1. Memorize a group of common formulas. nml nrint 

2. Pass a fundamental course in photography and develop and print 
a roll of film to the approval of tlio sponsor. 

3. Take part in a science club school service ,j j.,..; 

4. Keep 1 complete record of the ^ 

and compare each day willi the o ici. .y .j pf,, Jiistory of 

5. Select an insect, a bird and an aiianal. Write a lile liisloo. 

each one. 


1. Enlarge a picture, using the school mixture of alcohol 

2. Set up the distilling apparatus and sepamte a mixture 

and water. 
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3. Make a labeled collection of 15 or more samples from some one 
field of nature. 

4. Construct a biological model using papier mache. 

5. Make a list of 25 jobs that require nuich science training. 

A science field trip club. Wallace M. Good, Science Teacher, Wyan- 
dotte High School, Kansas City, Kansas, organized a field trip club in 
February 1952 which has grown in scope, usefulness and influence 
since then. 

“The club is an extra-curricular activity with five basic programs: 

1. Teaching methods for conducting original research 

2. Teaching methods for writing and publishing research papers 

3. Providing for study under professional scientists 

4. Developing interest in advanced study through attending science 
meetings, conducting radio programs concerning work of the field 
club, and presenting original research to science organizations 

5. Developing a proper attitude toward the importance of the 
liberal arts as prerequisites for professional specialization. 

“At the heart of the program He the field trips. These trips are care- 
fully outlined by the sponsor and directed by a staff member of a col- 
lege or university in the Kansas City area. The staff member is a Pli.D. 
in some field of science and accompanies the group. Field trips are 
taken during the year into the six-stale area of Oklahoma, Arkansas, 
Kansas, Missouri, Iowa and Nebraska. The trips range in length from 
one day to week-end length.” 

The outline of a typical field trip taken by the members of the club 
include the following steps: the purposes of the trip are outlined, a 
locality for work is chosen and the equipment for the trip is assigned 
and checked out to each member. The actual trip includes a road 
census taken by each member from Kansas City to the point of desti- 
nation, general collecting, and working on a special project. Time is 
taken from the schedule for recreation. The follow-up activities in- 
volve laboratory work, project reports which are submitted to the 
sponsor, as well as writing up field notes. A radio report concerning 
the trip is broadcast from one of the local radio stations.'^ 

A senior high science club. The Science Club meetings of Kenmore 
Senior High School are held weekly on Thursday evenings starting at 
7:30 p.M. Students spend their time voluntarily working on science 
projects under the supervision of Miss Louise Schwabe, the sponsor of 
tlie Biology Club, and Rolland Gladieux, who sponsors the Physical 

» Good, Wallace M., “A Science Field Qub,” Science Teaching Ideas II. 
National Science Teachers Association, Washington, D. C., 1955. 
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Science Club. The clubs have no dues and the membership is based 
upon interest and aptitude in science. 

Since the Kenmore Public Schools are located in a heavily industri- 
alized area, many scientists and engineers are available to give the 
club members technical assistance in their various science projects. 

In addition, special equipment and supplies are given to the pupils 
if needed. However, pupils are encouraged by industrial concerns to 
make their own apparatus. War surplus equipment and materials have 
been used to a great extent® 

A "micro" club. “‘Magnify your science interest’ might well be the 
slogan of this science club. The club, in an informal atmosphere, en- 
courages pupils who are interested in science to pursue their interest 
through the medium of magnification. The club is an extracurricular 
activity and approaches the study as a hobby interest. Such bio- 
logical concepts as the food chain, balance of life, ecological factors, 
the role of the herbivore and the carnivore, are beautifully illustrated 
in our study of tiny fresh water plants and animals. Parasitism and 
symbiosis are other understandings that are given real meaning.” ® 

Suggested activities 

1. Visit a science club and observe its operation. Report your 
observations to your methods class for discussion. 

2. Obtain a year’s program of a science club. Note the variety and 
balance of activities. Ciassiiy the activities under headings sucli as the 
following: social and entertainment activities, field trip activities, seivice 
projects, and seminars. (Use additional headings as needed.) Propose 
other activities which might strengthen this program. 

3. Plan the organization meeting that you might use in establishing 
a science club. 

4. List the promotional devices you can use to stimulate member- 
ship in a science club. 


Suggested readings 

Drapkin Herbert, "Enriching Science for Youngsters," Science Teach- 
ing Ideas It, Nationa! Science Teachers Association, Washington. 
1955 

Dunbar, R, E., "The Organization of the High School Science Club," 

Janrn’al of Chemical Education, VII. 1327-31, 1B30. 

Heiss, E. D., Oboum. E. S., Ifolfraan, E. W., Modern Science Teach- 
ing, Macmillan, New York, 1950. 
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How to Organize a Science Club, American Institute of the City of New 
York, 60 E. 42nd Street, New York, New York. 

Lynde, C. J., Science Experiences with Homemade Equipment, D. Van 
Nostrand, Princeton, N. J., 1949. 

, Science Experiences with Ten-cent Store Equipment, D. Van 

Nostrand, Princeton, N. J., 1949. 

. Science Experiences tcifh Inexpensive Equipment, D. Van 

Nostrand, N. 1949. 

Miller, Roy L., “Our Wednesday Afternoon,” Science Teaching Ideas U, 
National Science Teachers Association, Washington, 1955. 

Science Clubs of America, Science Club's Sponsors Handbook, Science 
Service, 1719 N Street N.W , Washington. 

Swezey, Kenneth. Ajter Dinner Science, Whittlesey House, New York, 
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SCIENCE 

FAIRS AND CONGRESSES 


chapter 23 


-an you visualize an 


about the size of an athletic field, filled to capacity with over fifteen 
hundred boys and girls, each with table space about two feet deep? 
Each of the fifteen hundred boys and girls comes from schools within 
a one hundred mile radius and each has bis or her own exhibit on one 
of the tables. The projects submitted by each of the participants have 
been judged as outstanding by the teachers in their own school. In 
addition, visualize in the atJiIetic field hundreds of visitors, who may 
be the parents of the participants, teachers, prominent scientists, pupils, 
or just individuals interested in what is taking place. From the outside 
looking in, one might think it was a church bazaar on a large scale. 
Actually, a science fair is difficult to describe. It must be seen to be 
appreciated. 

Some science fairs involve not only exhibits but also lecture-demon* 
strations. This type of science fair which involves both the line-up of 
projects and lecture-demonstrations has been called a science congress. 
This is a fine distinction, for many school science fairs include the pres- 
entation of talks along with the exhibits. In general, a congress stresses 
the lecture-demonstration rather than the individual exhibit. 


WHY SCIENCE FAIRS? 

Purposes of a science fair. The Denton County Science Fair, held on 
April 4, 1952, at the County Fair grounds in Denton, Texas, listed tlie 
following as its purposes: 
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1. To focus attention on science experiences in school. 

2. To stimulate a greater interest in science by all pupils. 

3. To stimulate a greater interest in scientific investigation over and 
above the routine class work. 

4. To provide stimulation for scientific hobby pursuits. 

5. To offer an opportunity for display of scientific talent through 
exhibits and demonstrations. 

6. To recognize and commend youthful scientific talent. 

7. To provide constructive suggestions for teachers and pupils of 
science.^ 

The above is an excellent summary of the purposes of science fairs. 
The most important purpose of the fair or congress is to stimulate and 
encourage interest in science on the part of young people. This may 
be brought about in a number of ways. The actual presentation of the 
project by a pupil may bring to this pupil a deep sense of satisfaction 
and accomplishment resulting in a strengthened science interest. The 
participation in the fair, with the opportunity to see the work of other 
pupils, meet and talk with the judges and other adult scientists may 
stimulate the young pupil’s interest in science. Finally, if the pupil is 
fortunate enough to be a prize winner in the fair, his success may do 
much to start him on his way to successful science studies. 

Values of science foirs. Science fairs provide an excellent method of 
sharing the science projects of individuals, small groups, or entire 
classes with the other students within the school, other schools in a 
community, parents and other members of the community, and the 
schools of the entire regional area. 

Science fairs can be a motivating force for individual projects as 
well as for class work. Many of the classroom activities come to an end 
with only the class members seeing the results. To some pupils it must 
seem like a “hollow victory’' not to have other boys and girls praise 
a successfully completed project. A boy who makes a motor out of 
wire, nails, and a battery swells with pride as his classmates praise it. 
Much the same feeling can result from exhibits and demonstrations at 
a science fair. 

Not only does a science fair stimulate the pupils and make their 
science work more meaningful, but it helps to do the same for the 
teacher. Teachers can be stimulated to do a better job of teaching 
through science projects which are entered in fairs. 

Another value of the fair is that it utilizes the lime of youth in a con- 
structive way. With an excess of leisure time, especially in urban 

nes, Norman R. D., “Science Fairs— Science Education in the Com- 
• ” Bulletin of t/i^Nafionof Association of Secondary School Principals, 
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centers, there has been an increase in juvenile delinquency. Science 
fairs are not the total cure, but they can be one of the ingredients that 
will help effect a cure. 

Fairs provide a wonderful opportunity for discovering and encourag- 
ing science talent. The participants in the state and national fairs have 
a chance to win prizes of part or full college scholarships or to be rec- 
ognized and given aid by organizations, colleges or industries that are 
looking for talented people. Thus we have in fairs an excellent device 
for insuring that scientifically minded youths have the opportunity to 
continue their education and to become the scientists of tomorrow. 



T/tc science fair gives a pupil recognition for his efforts, helping hint to 
the respect of both adults and fellow pupils. He learns that socicUj as a whole 
puts a premium on constructive activities. 


DEVELOPMENT AND PRESENT STATUS 
OF FAIRS AND CONGRESSES 

The growth of science fairs and congresses lies in tlic incrc.ising 
popularity of the project method in science. In the 1920 s a few 
the larger communities carried on science fairs, the essential ii ta )tmt, 
for students to make exhibits showing the facts and principles ,is IJ.ev 
were taught in science. .Vhonl 193S, there developed a trend l.m an 
having a meeting place where pupils conhl come together to re.nl 
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papers on their individual work, report their findings, and demonstrate 
their equipment. Thus we see the advent of a lccture*demonstration 
program anart from the simple exhibit of previous times. 

One of the originators of the “congress” idea began with a chemistry 
dub whose enthusiasm spread to neighboring communities and whose 
success then spread to the general public as participation was further 
encouraged. Impetus was added in 1938, when the American Insti- 
tute of Science and Engineering Clubs established aids for young sci- 
ence students. 

Today science fairs and congresses are conducted on a local, county, 
state and national scale. On the local level, we may find that a single 
school is having a science day or a school fair. The pupils who have 
made projects display these in the science rooms or in the school 
gymnasium. Residents of the community are invited to attend the 
affair. There is no formal judging by science experts. The teachers do 
the judging and the awards are simple— a certificate, a plaque, or 
merely a ribbon. The winners are sent to a local fair that may be city- 
wide or county-wide. On a county-wide basis, the competition is 
keener. The judges are not teachers but experts in tlie various fields 
of science, who had experience as judges before. They may be research 
scientists from industry or college professors. The awards may range 
from a trip through an industrial plant to a $50.00 bond. 

A number of state teachers organizations have established regional 
fairs or congresses. These are usually one day affairs. The regional 
congress may involve a particular geographical area. In some cases 
as many as two hundred high schools are contacted. These schools are 
invited to enter competitive exhibits and demonstrations in this 
regional affair. The winners from these regional science fairs or con- 
gresses are invited to attend the state science congress, to compete for 
scholarships. “ 

Each regional science congress has its own director and planning 
committee, which formulates the policies of the region. Usually the 
sponsoring body is an affiliate of the state science teachers association. 
In New York state, the Science Teachers Association sponsors the An- 
nual State Science Congress. The association is interested in bringing 
together the outstanding high school scientists of the state. The 
participants must be m either the junior or senior year in high school. 
There are approximately twenty-five participants in the state congress 
each year. Each of the participants represents one of the regional 
congresses. Also on the stale level, we find junior academies of science. 
These groups are sponsored by the respective state academy of science. 
Science fairs or science days are sponsored by the state organization, 
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participants from districts in the state compete for 

The American Association for the Advancement of Science sponsors 
the Junior Scientists Assembly. Pupils who have proven to be ontst.ind- 
ing in independent research are asked to attend the anniia! mcetinc; of 
the organization, at which time they are brought before the total 
membership. 

ti7**c Clubs of America sponsors the National Science Fair. 

The Science Clubs of America encourages the development and or- 
ganization of science clubs on the local level. To encourage this 
activity, the National Science Fair was started in May 1950 ’at the 
Franklin Institute, Philadelphia. The thirty exhibits shown were 
the best produced by local science fairs. 

The Science Clubs of America also conducts the Annual Science 
Talent Search in cooperation with the Westinghouse Company. Fortv 
participants are selected on the basis of examination and projects from 
all parts of the country and are asked fo attend the Science Talent 
Institute. The institute is a five day affair held in Washington during 
the spring of each year. The expenses of the participants are paid. 



honorable mentions are also given to the pupils throughout tlie country 
who took the examination. Information concerning the Science Talent 
Search may be obtained from Science Clubs of America, Washington, 
D. C. 


ORGANIZATION OF SCIENCE FAIRS AND CONGRESSES 

The following ^ may serve as detailed information on the procedures 
to be followed in organizing and administering a science fair or con- 
gress: 

Financing. It is essential that sufficient funds be forthcoming to cover 
^11 expenditures adequately. Such expenditures have varied from 
$2,500. Possible financing sources include newspapers, mcrcliants. 
professional organizations, schools, theatrical and musical groups and 
others. 

Sponsorship. Whether one or more sponsors should be secured I'dI 
““pend on many factors. Tlierc are many adv.uitages to smg e 

•Prepared by J. Stanley .\I.irsIiall. IWevMir of .Siieiuv i;due.ilit.o, UtihU 
italu Univerbity, Tallahassfc, Kla, 
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at which time participants from districts in the state compete for 
awards. ^ 

The American Association for the Advancement of Science sponsors 
the Junior Scientists Assembly. Pupils who have proven to be outstand- 
ing in independent research are asked to attend the annual meeting of 
the organization, at which time they are brought before the total 
membership. 

The Science Clubs of America sponsors the National Science Fair. 
The Science Clubs of America encourages the development and or- 
ganization of science clubs on the local level. To encourage this 
activity, the National Science Fair was started in May 1950 at the 
Franklin Institute, Philadelphia. The thirty exhibits shown were 
the best produced by local science fairs. 

The Science Clubs of America also conducts the Annual Science 
Talent Search in cooperation with the Westinghouse Company. Forty 
participants are selected on the basis of examination and projects from 
all parts of the country and are asked to attend the Science Talent 
Institute. The institute is a five day affair held in Washington during 
the spring of each year. Tlie expenses of the participants are paid. 
In Washington, the participants compete for scholarships on the basis 
of a research project on which they report. Two hundred and sixty 
honorable mentions are also given to the pupils throughout the country 
who took the examination. Information concerning the Science Talent 
Search may be obtained from Science Clubs of America, Washington, 


ORGANIZATION OF SCIENCE FAIRS AND CONGRESSES 

The following * may serve as detailed information on the procedures 
to be followed in organizing and administering a science fair or con- 
gress: 

financing. It is essential that sufficient funds be forthcoming to cover 
all expenditures adequately. Such expenditures have varied from $200 
to $2,500. Possible financing sources include newspapers, merchants, 
professional organizations, schools, theatrical and musical groups and 
others. 

Sponsorship. Whether one or more sponsors should be secured will 
depend on many factors. There are many advantages to single as 

* Prepared by J. Stanley Marshall, Professor of Science Education, Florida 
State University, Tallahassee, Fla. 
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Factors in planning a fair or congress. 

defermined.'" “““ ‘"■® 

Dote, The best time for holding the (air is as late in the school year 
as possible. Easter vacation is a recommended time. 

i'liW.cify An announcement mnst be developed so that the students 
may be informed as to the many procedures to be followed. Com- 
munity agencies will handle well-prepared releases. School art de- 
partments and school papers are able to assist, and the duplicating 
and printing can be done in the school departments. A central agency 
iOr publicity is recommended. 

The fields of entry. The divisions for entries on elementary, junior 
and senior levels must be determined. 

Printed material Brochures, posters, entry blanks, registration cards, 
scoring cards, exhibition badge certificate of awards, and stationery 
are a few of the printed materials necessary. 

Time element. At least three weeks to a month should be allowed for 
the receipt of entry blanks. One or two days should be set aside for 
exhibits and one complete day for judging all exhibits. 

_ Exhibit space. The layout of the space allotments in the exhibit rooms 

In planning exhibit space, the planning committee 
should consider the school cafeteria, gymnasium and the auditorium. 

Pupils’ part in planning science fairs. Many teachers permit their 
pupils to plan and execute a science fair as a student activity, as was done 
in a high school in Watertown, Massachusetts.® In this instance the 
teachers served as consultants only, while students managed the 
Science fair. .Great emphasis was placed on securing a student leader 
whose qualifications included ability to work with people, intelligence, 
initiative, and administrative ability. A general operations committee 
was formed with an associate to assist and a faculty member serving 
as a consultant. The students used the Cambosco Scientific Supply 
Company brochure, “Methods of Conducting a Science Fair,” as a 
guide for all operations. Suitable leaders as chairmen of the necessary 
sub-committees were immediately selected. Each chairman appointed 
niembers from the biology club and science classes and the first general 
pre-fair meeting was held. Faculty consultants attended this meeting 
which time the history and philosophy of the science fair generally 
^nd locally were traced, the goals were set, limits and policies were 
established and responsibility and authority were defined. Following 
He initial meeting, four meetings were held by the general chairman 

® MacCurdy, R. D., and Leacy, C. R., “A Science Fair Is Easy if Vou Let 
Uie Students Do It,” The Science Teacher, February, 195-1. 
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and the chairman of the siib-committces. All final policies were made 
by the general chairman and his associates. It was found an absolute 
necessity to have one recognized authority. The following committees 
were set up: committee on judges, financial committee, program com- 
mittee and the committee on special arrangements. 

Judging. MacCutdy and Bagsbaw* have raised the issue of the 
reliability of judging at science fairs. They base their feelings on 
several facts. There are wide variations in project scores among many 
judges, the inconsistencies are so great that the winners have been 
established by methods that are open to sefious criticism. An examina- 
tion of the findings reveals that variations in judgments arc so exten- 
sive that the judgments could not be called reliable or valid evaluations 
of the scientific qualities in the projects. Examination of the score 
cards used at one fair indicated that judges could be easily character- 
ized as being high scoring, low scoring of medium scoring, and con- 
sistent or inconsistent in the scores they gave. It was deemed neces- 
sary to set up a revised score card, with inore exacting and objective 
standards and narrower limits, constructed so as to help reduce in- 
consistencies, variations and poor judgments. MacCurdy and Bagshaw 
set out to devise a new card patterned after the U. S. Bureau of Dairy- 
ing card used in judging cattle. This new card had all the basic features 
of the old card but those factors which had caused the widest varia- 
tions were changed. The following are the main features of the new 
card. {The numbers represent the points assigned to each criterion.) 

1. Scientific methods used in solving the problem (30) 

2. Advancement in science for the contestant (20) 

3. Ingenuity of construction, technical skill and workmanship (20) 

4 . Thoroughness (10) 

5. Originality of concept (10) 

6. Social implications (5) 

7. The dramatic value (5) 

Awards. Awards at science fairs and science congresses have included 
$10 and $50 bonds, donated by a local industrial concern, science 
books on various topics donated by publishers, and trips to industrial 
plants outside the community, sponsored by industry. Generally sup- 
plementing these awards are certificates or ribbons. On a larger 
scale, national science fairs and state congresses award full tuition or 
part tuition scholarships to various universities and colleges. 

Awards given to winners on the local level are usually bonds, money, 
ribbons, certificates, books or small pieces of science equipment. Indus- 

< MacCurdy, R. D., and Bashaw, T. Ij., “Are Science Fait Judgments Fair?” 

Science Education, April, 1954. 
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trial concerns have the tendency to offer to schools bonds or money as 
awards. Such awards should be discouraged. Industry should donate 
money to support the fair in general but not in the form of bonds or 
money to be given as awards. In the estimation of many individuals 
who are experts in organizing science fairs, money and bonds more or 
less commercialize the fair and distract from its true meaning. Industry 
can certainly play a part in the fair by paying the expenses of the 
winners of a local fair for a trip to visit the research facilities of the 
concern located in another city. The General Electric Company, for 
example, provides such an opportunity to winners of local science 
fairs. 

On the local level, it may be best to have a science day rather than 
a science fair, to avoid giving out extensive awards. If the affair con- 
cerns a single school, a science day is more appropriate. In such a 
case, the teachers in the school do the judging and awarding. The 
awards should be simple— perhaps just ribbons or certificates. The 
reasons for this are evident. A local fair may include 90 exhibits of 
which five are worth considering for competition on a regional level. 
The remaining eighty-five may be exhibits which the teacher forced 
the pupils to make. If competent judges are asked to make the awards, 
much of their time is wasted in evaluating a number of exhibits that are 
the work of pupils who were not interested in entering the fair in the 
first place. 

In regional fairs, state congresses and national congresses, awards 
involving money should also be eliminated. Books, pieces of science 
equipment and other prizes which are connected with science are more 
meaningful to the boy or girl who is science-minded. These awards, 
along with certificates and ribbons, are treasured by these boys and 
girls in later years, and frequently serve as incentives for additional 
project work and individual study. 

Scholarships awarded by universities, colleges, and industrial con- 
cerns are important awards. Universities and industries should be en- 
couraged to continue this practice. These scholarships have given a 
number of boys and girls the opportunity to attend college. They 
^ay not have had this opportunity for further education without the 
scholarship award. 

In summary, awards on the local level, in a single school, should be 
made by teachers and not outside judges, especially if the purpose of 
the local fair is to select participants for regional or district fairs. 
Awards on this level should be simple-certificates or ribbons. On the 
regional or state or national level, scholarships, field trips, books, 
and equipment are appropriate. 
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AN EXAMPLE OF A FAIR ON THE LOCAL LEVEL 

The following description by Belle Cooper of an actual science fair 
illustrates in detail the functioning of a fair on the local level. 

“The science fair was a definite project of the science club of North 
Fulton High School, a five-year community high school. With an 
enrollment of 1200 students, the school has approximately 460 students 
registered in some science class, with 240 more in eighth grade health 
classes. All members of the science club vvere expected to enter an 
exhibit. Exhibits from non-members were welcomed. 

"There were six definite steps in organizing the fair: (1) planning, 
(2) publicity, (3) working up projects, (4) actual conduct of the 
fair, (5) judging and awards, (6) financing. 

I. Planning. The dates for the fair were selected after a conference 
with science teachers, principal, and P.T.A. president and executive 
board. The opening date was chosen to coincide with a P.T.A. meeting 
so that parents might visit the fair before and after their evening 
program. This date was selected to avoid conflict with tests or 
examinations, and in order to allow time for students to add improve- 
ments to projects and enter them in the state science fair, 

“Soon after the time was selected, the executive committee of the 
science club and the science teachers met to plan further. Each 
teacher and student volunteered for definite work, and other club 
members were invited to help. Committees were arranged for publicity, 
setting up exhibits, registering and protecting exhibits, judging, and 
awards. Each committee felt its responsibility and carried out its 
duties well. 

U. Publicity, The publicity committee prepared and mimeographed 
a folder announcing fair dates, rules and regulations, and items to 
be considered in judging. The reverse side of the folder served as an 
e.xhibit entry blank. Suggestions for these items came from the Georgia 
State Fair and Science Service. On a given date, science club mem- 
bers appeared in every home class immediately after roll call, made 
oral announcements of the fair, delivered a mimeographer folder to 
each student, and answered questions. 

At least once a week, the president of the science club or a selected 
student made some ingenious announcement of the fair over the public 
address system. The Scribbler, the school newspaper, carried a pros- 
pectus of the fair, as well as a splendid article at the time of the fair. 
The art department made enough posters to keep the fair before the 
eyes of the students in both of our buildings. 
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III. Working up projects. With plans well laid and publicized, the 
students were ready for the important phase of preparing projects to 
exhibit. 

Each teacher used his own method for stimulating interest. Students 
were allowed to substitute a project for some required work, such as 
textbook study, reference work, or even a test. Some class time was 
allowed for work on projects; no additional homework was assigned. 

One method of arousing interest was to start with a class discussion 
of problems suggested by the students. Students were then sent out 
to read, experiment, and discuss subjects in which they were interested. 
This suggested lines of research, and they were or the mark ready 
to go. Several catalogs of suggested projects had been placed on 
reference in the library, and students drew ideas from these and other 
sources. 

There followed hours of work after school for science teachers, 
experimenting or planning with students, lending equipment, provid- 
ing supplies, helping engineer the building of complicated apparatus, 
or suggesting authorities to interview. Interest, once aroused, was 
contagious, and students furnished all needed energy and ingenuity. 


IV. Actual conduct of the fair. Four days before the fair, each ex- 
hibitor sent in his entrance blank with the entrance fee of ten cents. 
Besides aiding in the financing of the fair, this fee served to place 
greater value on the production by removing it from the "free” list. 
On opening day, on presenting his exhibit, each student received an 
exhibit card properly filled out, serially numbered, and colored across 
the corners with red, yellow, blue, or black paint, according to the 
subject area of his exhibit. The card used is approximately like that 
used in the national science fairs. 

The five subject areas were: biological sciences; physics and its ap- 
plications; chemistry and its applications; other sciences; and social 
^applications of science. jj i 7 

“Chemistry and physics laboratories with extra tables added served 
as exhibit halls, since they provided outlets for water, gas, and electric- 
ity. There were approximately 90 exhibits representing 130 students, 
including those working in groups. _ 

“The fair was opened to visitors first at 7:30 in the evening, 
remained open all the next day, and local students poured in to 
it during their study hulls. It was also open to outsiders. A det“‘' “ 
guards and hosts was scheduled frona study halls to be on duly cacl 
period of the day. 


V- Awards. Judging took place as soon - 1 -../rhair- 

before the fair was opened to the public. Judges ...eluded t»o 


exhibits had been placed. 
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men of science departments from other community high schools and 
a doctor from the communicable disease center of the Public Health 
Service. 

“Items considered in judging were the same as those used in 
national fairs: 

1. Advancement of science 

2. Social implications 

3. Timeliness 

4. Scientific thought 

5. Originality 

6. Dramatic value 

7. Thoroughness 

8. Ingenuity of construction 

9. Technical skill and worVonanship 

“Any student who wished to demonstrate a working exhibit was 
allowed to do so before the judges. Judges were instructed to omit 
prizes in any area where there was no exhibit worthy of award. 
Ribbons were pinned to all prizewinning exhibits. In each subject 
area there was a first prize of $4.30, a second prize of $2.00 and an 
honorable mention. Tiiere was one over-all prize for the best ninth- 
grade exhibit. 

VI. Financing. Financing the fair, strangely enough, was probably 
the easiest part. Since mimeograph paper was furnished by the 
school, and enough exhibit cards were left over from the 1951 fair, 


expenses were fe\v.” 

Assets 

Donation from school $20.00 

From science club treasury (dues) 13.50 

From exhibit registration fees , 9.00 

Total . , , $42.50 

Expenditures 

Prizes $37.50 

Supplies (thumb lacks, scotch tape, prize ribbons) 5.00 

Total . . , $42.50 * 


STIMUIATJNG PUP/IS TO ENTHR SOENCE FAIRS 

The chapter entitled “Projects in and out of school” suggests a 
number of devices which the teacher can use to motivate his pupils 
to do projects. Encouraging the students to work on projects is the 

* Cooper, Belie, The North Fulton Science Fair,” Selected Science Teach- 
ing Ideas of 1952, National Science Teachers Association, Washington, 1952. 
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first step before the actual fair. Projects are an important activity 
and should be encouraged as part of classroom work and science 
club activity as well, but this does not mean that they should all be 
entered in a fair. Many science teachers have the idea that all projects 
should be included in a fair, local or regional, regardless of the caliber. 
As a result they force their pupils to work on projects to be entered 
in the fair by making the grade on the project part of the final grade. 

Teachers should not force their pupils to enter projects in fairs; 
this practice defeats the purposes of the fair. It also discourages the 
pupils who would normally take more science to continue in science 
In addition, judges and other outside visitors receive a bad impression 
of the science taught in a particular school. It lowers standards of 
the fair and robs it of its real function. 

There are ways, however, in which the teacher can stimulate volun- 
tary participation: 


!• In a school where science fairs are not established, pupils can 
be taken to schools where science fairs are being conducted. 

2. Pupils who are doing projects can give a great deal of stimulation 
and encouragement to those who are not engaged in projects. Lecture- 
demonstrations during a regular class by these students may stimulate 
pupils to work on a project for science fairs. 

3. A teacher should give recognition and praise to those who have 
done anything outstanding in the line of projects. Mention can be 
made that the project represents excellent work and that it is good 
enough to enter in a fair but pupils need not be forced to enter the fair, 
even though a project is good. The pupil should feel that it is an 
honor and a reward to enter the fair. 

4. If the boy or girl is college material, the teacher should mention 
that the fair can be a good avenue to obtain a college scholarship. 

5. Teachers should bring their pupils in contact with outstanding 
scientists. This can be done by inviting the scientist to school where 
he may suggest possible projects. Scientists in universities and in in- 
dustry are interested in working with talented science pupils. Not 
only may they suggest projects to these talented people, hut in some 
instances the scientists provide space and equipment at a university 
or a local industrial plant for these pupils, and even guide them in 
their research. 


Suggested activities 

1. Visit a sdcuce fair or congress with other incinlxTS of >our 
methods chiss. Obt.un a judges evaluation fonn at the fair. ( Ihu 
should be arranged by your jncUiod's teacher.) Independently evaIii.Ue 
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a pre-selected number of projects. Compare your evaluations with 
those of other members of your methods class. 

2. Set up a science fair of the projects that you and the other mem- 
bers of your class made during the year. Provide these witli labels that 
would interest non-scientifically trained people in the exhibits. 

3. Cooperate in setting-u 2 > and conducting a local or regional science 
fair. 


Suggested readings 

Johnson, Philip G., "A High Scliool Teachers Opportunities for Guid- 
ance Towards Science,” Education, Mardr, 1953. 

Jones, N. R. D., “Science Fairs— Science Education in tlic Community," 
Science in Secondary Schools Today, Bulletin of the National Asso- 
ciation of Secondary School Principals. Volume 37, Number 191, 
January, 1953. 

Science Clubs of America, Science Club’s Sjrotisor's Handbook, Science 
Service, 1719 N Street N.W., Washington. 

Science Clubs of America, Sponsors Handbook: Thousands of Science 
Projects, Science Service, 1719 N Street N.W., Wasbington. 

"Science Fairs,” special issue of The High School Journal, V'olumc 39, 
Number 5, February, 1956. 
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PROPER SETTINGS 
FOR SCIENCE TEACHING 



T he evolution of science teach- 


ing in the last few decades has necessitated a parallel evolution in the 
physical settings— rooms and facilities— necessary for good instruction. 
As science teaching has become less concerned with presenting factual 
information as an end in itself, and more with using science to bring 
about important changes in ways of thinking and acting, the traditional 
room has become less functional. 


From the room designer’s viewpoint, one of the most significant 
trends has been the rapid increase in the number and variety of 
teaching methods. It has not been so very long since lecture-demonstra- 
tion and stereotyped laboratory exercises were virtually the sole 
methods of instruction. Contrast this with the wide variety of activities 
in the modern classroom— project work, group discussion, pupil demon- 
stration, film projection, the study of displays, to mention but a few. 
The modern room must be used for a film at tlie beginning of a period 
^nd a group discussion at the end; or for a test which is immediately 
followed by small group project work; or for several types of activities 
going on at the same time. Such a room must not only have the 
facilities for these activities but it must be converted easily and quickly 
from one purpose to another. Space and facilities must be designed 
with one important criterion in mind— flexibility. 


THE DESIGN OF NEW FACILITIES 
Room design is a complex task; in all probability no one person is 
capable of doing the whole job properly. Planning is licsl accomphsJiecl 
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by a committee of all people concerned. The committee should include 
school administrators, board of education members, representatives of 
the architect and contractor, and the science teachers who will use the 
rooms. In addition, the committee may well include other members of 
the community, not only for the services they might bring but also 
to increase community participation in school affairs. 

The technical and advisory services of equipment and furniture 
manufacturers can be called upon. The \V. M. Welch Company, for 
example, loans scale models of room furnishings for use in room layout 
and design. Other manufacturers, such as the Hamilton and Sheldon 
companies, maintain a planning service and can bring to the planning 
committee years of practical experience in designing and fitting modern 
science classrooms. (See appendix for addresses of supply houses.) 

Site selection. Science is the subject most concerned with the outside 
environment. Whenever possible, the site of a new school should be 
chosen to provide suitable contacts with the world of science. A 
forested area, a pond, a stream, a hillside, become outdoor laboratories. 
A park near the school is a valuable asset. Sometimes through coopera- 
tion with a city planning commission, a school may be built near the 
site of a future park and certain natural features may be saved for 
educational purposes. 

Losation of science rooms. While school planning is still in the pre- 
liminary stages, some attention should be given to the location of the 
science rooms within the school. Biology and general science rooms, 
for example, should have southern or southeastern exposures to pro- 
vide adequate sunlight for plants. To encourage field work, all science 
rooms should have either direct exit to the out-of-doors or should be 
close to main exits. Physical science rooms may be located near 
industrial arts classrooms so as to take better advantage of the facilities 
there. 

Number of science rooms. The number of rooms required depends 
upon the type of program, the number of pupils, and, of course, the 
money available. The Richardson formula ^ may be used as a starting 
point: 

,, , , Student-periods 

Number of rooms = i C — = y- 

Aoerage class size x Periods per week 

The number of studeni-pertods is determined by multiplying the 
number of students by the number of periods that the classes meet in 

’ Richardson, John S., ed.. School Facilities for Science Instruction, National 

Science Teacher’s Association, Washington, 1954, 
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one week. The periods per week is the total number of periods per 
week that each room will be usable. 

If the rooms required are one or less, an all-science classroom should 
be considered. If the sum is two or more, various combinations are 
possible. 


Types of science rooms. Having decided upon the number of rooms 
required, the next step is determining the type of room. Science rooms 
may be classified as: (1) the all-science room in which all sciences 
are taught, (2) the semi-specialized room designed for instruction in 
a single area of science, su^ as the biological or physical science area, 
and (3) the specialized rooms for specific subjects such as chemistry 
and biology. 

Room size. Modern science teaching, with its wide variety of activities 
and its need for “work centers” for independent activities, demands 
larger rooms than were formerly given to the lecture-demonstration 
type of program. As a general rule 35 to 40 square feet of floor space 
is needed for each pupil in the largest class that will use the room 
this may be considered as adequate but not generous. In addition, 
10 to 15 square feet per pupil, or about 20 percent of the total is useful 
as accessory space for larger projects and special activities. 

Generol characteristics. The requirements for science classrooms are 
basically the same as those of conventional classrooms, with the 
addition of certain features peculiar to the needs of science instruction. 

1. Floors receive a rugged and varied treatment. Chemicals and 
cold water damage many types of flooring; vinyl plastic makes a 
durable floor surface for science rooms. 

2. Ceiling should be fireproof and paintable; acoustic materials are 
desirable. 

3. Walls should also be fireproof and paintable; light colors brighten 
the room and make it more attractive; a white area on one wall makes 


a reasonable substitute for a projection screen. 

4. Lighting is very important; illumination should be 35 to 40 foot 
candles for general work and higher in special work areas. 

5. Heating should be sufficient to keep the room at a temperature 
of 68° F. with a relative humidity of 50 percent; special provisions 
are needed for keeping living things, as will be discussed later. 

6. Ventilation should be adequate to carry away all odors producet 
experiments and by organisms; in the chcinistiy- room a fume l.ooU 

is essential. 


GBnerol work space. The ideal classroom Iras a.i area in wliicl. the 
pupils meet for such activities as recitations and dcino.istralions, 
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other areas to which they are directed for experiments and project 
work. All this work space is He-xible; seats may be reorganized for 
general discussions and for small group planning, and large areas of 
floor space may be cleared for special activities. 

Within this ideal classroom there is also adequate desk, table, and 
workbench surface area for all activities. This flat work surface area 
is necessarily varied to meet the demands of the modern program and 
ranges from small surfaces on which to w»itc notes to large tables on 
which major projects may be assembled. 

The largest space investment in the science classroom is likely to be 
the student laboratory tables, and these units are also the most difficult 
to locate properly. These tables are infte.xiblc by nature; their position 
cannot be varied, their surfaces, being broken up by utility services 
and sinks, provide little dear space, and their surfaces cannot be used 
for construction or other “rough” work. 

Schools large enough to maintain several sections of each course often 
solve the problem by equipping separate laboratories and classrooms, 
scheduling one of the foimer to give laboratory facilities for three or 
four of the latter, Though efficient in terms of use, this is at the cost 
of good teaching. In the combined classroom laboratory a smooth 
transition from one activity to another is possible; problems arising 
from class discussion may be solved immediately by impromptu ex- 
periments, and experiments may be followed up immediately by films 
or reading. 

Other schools have tried combining student laboratory and lecture 
positions, arranging the laboratory tables in rows facing the instruc- 
tor. This practice provides such an infle.xible classroom that good 
teaching becomes very difficult. 

For a compromise that permits more efficient use of space than the 
ideal classroom, utility service may be provided along the walls with 
movable tables beneath, These tables may be used in this position 
when facilities are needed but they may also be pulled away from 
the wall and grouped in various ways. 

It should also be remembered that for some courses such as general 
science and general biology, there is not much demand for tables 
equipped for all facilities- A few such tables may be put in these class- 
rooms and different groups of pupils may carry out different activities 
at one time. Thus more classroom space becomes free for other uses. 

Special work areas in the classroom. The teacher needs a small section 
for office space in which will be his desk, a filing cabinet, and one or 
two extra chairs for student conferences. 

Special project work space is essential, preferably somewhat isolated 



583 


Settings for science teaching 

from the room by storage walls in which equipment and supplies can 
be kept. One of these work areas should be provided with a work- 
bench and tools. To these work areas individuals or small groups 
may be sent to engage in independent projects. 

Reading space is another “must.” \VliiIe it is not suggested that the 
science room assume the function of the school library, it is desirable 
at certain times for students to do reading and reference work in 
the classroom. This reading space should be equipped with a librar}’ 
table, chairs and bookcases, and a bulletin board. 

Supplementary rooms. If a science classroom is to be in continual use 
by several different teachers, office space is needed outside the class- 
room for work on registers, planning, counseling and the like. One 
office may service two or three teachers but not more. 

A darkroom has long been considered an essential supplemental 
room. Tliis is usually equipped for photography but may well be 
used for certain types of e.xperiments and for pupil project work 

A growing room for plants and animals enables pupils to carry on 
projects in biological science work in a way not possible in the regular 
classroom. Some schools in the past have provided small greenhouses 
for their biology teachers but have ignored the general science teachers 
who need these facilities as much or even more. 

Experience has sliown that special rooms set aside for individual 
project work are of high value in helping talented pupils. In such 
rooms these pupils carry out projects both in school and after school, 
unhampered by the demands placed on the regular classroom. These 
rooms may be small but should be fully equipped with utilities and 
with ample locker space in which the pupils may keep materials. 

Storage-preparation rooms are useful for any teacher and become 
essential when two or more teachers in separate classrooms must share 
the same materials. The ideal location for a storage-preparation room 
is between two classrooms, with an opening into each. It should also be 
accessible from the main corridor. 

Furniture for science rooms. Each standard classroom should be 
equipped with a demonstration desk located in front of the space in 
which pupils sit. It should be of standing height, thirty-six inches 
from the floor. It should have full utility service: electricity, gas, hot 
and cold running water. The sink should be acid proof. Sometimes a 
compressed air supply is useful enough to justify the cost. Tliere 
should be storage space for standard demonstration equipment. In 
crowded classrooms if there is no room for the teachers desk, one or 
tivo locked drawers will be needed for records. r i 

A cart of the same height as the demonstration table is useful to 
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transport materials to and from storage rooms, to set up demonstrations 
on, and even to use as a table on which to perform demonstrations. It 
should be made of stainless steel and have four large, rubber-tired 
wheels with locks. The top may have a surface matching that of the 
demonstration desk. 

All science classrooms should be fully equipped with facilities neces- 
sary for pupils to carry out standard laboratory e.xperiments. A number 
of types of laboratory desks are available; there are perimeter tables 
designed to fit along a wall, peninsula tables which project from the 
wall, and island tables whiclj stand in the middle of the room. Tlie 
latter are the easiest to supervise but reduce the amount of free floor 
space; they may be preferable for classrooms in which much standard 
laboratory work is carried out, such as in chemistry classrooms. The 
perimeter tables use the least amount of floor space but reduce other 
uses of the wall area, they may be preferred when only a few are 
needed, as in general science classrooms. 

Student laboratory tables should be equipped with thick, acid- 
resistant tops-stone or specially treated wood. The sink should be 
of stone and the waste pipes of lead. It is useful to have rivo sets of 
electrical outlets— standard outlets for 110 volts D.C. and special outlets 
connected to a central control panel so that different voltages and 
frequencies may be supplied. There should be apparatus-support rods 
and sockets with each table. The type of storage space in each will vary 
with the courses being serviced. 

A standard letter file is needed for clippings and pamphlets. A 
3x5 inch card file having tlwee or four drawers is needed for keeping 
inventories and for other records; this may be kept in a separate office 
if there is one. 

A cabinet for charts and maps is required. These expensive items 
deserve good care. Neither they nor the appearance of the room is 
improved when they are rolled up and placed in a corner or on top of 
a wall cabinet. 

A small, general purpose table, which may be of the folding type, 
will have many applications in the science room. It may be used for 
exhibits, displays, student conferences, project work and the like. 

Special facilities. In addition to tunning water, gas, and electricity, 
which have been mentioned before and will be taken up again, science 
rooms need other special equipment and facilities. One wall should 
hold a large bulletin board for topical displays. A small bulletin 
board for current events clippings is also useful. 

The front wall should have a well-lighted chalkboard. One section 
may be ruled off in squares to simplify the construction of graphs. 
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Several wall racks for charts and maps should be distributed about 
the room. One should be at the front of the demonstration area for 
the teacher’s use during discussions; the others are for the pupils to 
use during individualized study. 

The ideal projection screen is a built-in feature of the science class- 
room. Located near the front of the demonstration area where the 
pupils can view it without changing their seats, it becomes a regularly 
used tool. A stand for a projector, either fixed in place or movable, 
with an adjacent electrical outlet, is also needed. Dark shades are 
desirable. A darkened room is necessary when using an opaque pro- 
jector. Many experiments and demonstrations call for a darkened room. 

No science room should be considered equipped until it has a com- 
plete first aid kit and fire extinguishers. The first aid kit should contain 
neutralizing solutions, burn ointment, sodium bicarbonate, and surgical 
dressings. One fire extinguisher may be of the soda-acid type foi gen- 
eral fires; the others should be for chemical and electrical fires. 

Window shelves are very useful in general science and biology class- 
rooms for plants and various vivaria. All too often this valuable space is 
wasted with radiators and vents. Even in physics and chemistry class- 
rooms window shelves make e.xcellent display areas and should not be 
neglected. 

Equipment storage. Ordinary shelved storage cabinets are suitable 
for the storage of the majority of items of equipment. The problems 
in equipment storage are caused by the items of “difficult” size or 
shape: small items, long and tall ones. Special provision must be 
made for the storage of tall items such as Boyle’s law apparatus, 
vertical resonance tubes and the like. Tall, narrow cabinets with 
cupboard type doors are available which will fill this need. 

Drawer storage is suitable for long items such as Kundts tubes and 
Liebig condensers, as well as small items. The storage cabinets pur- 
chased should have adequate drawer space. Partitions in drawers are 
seldom provided, although they are necessary for small-item storage, 
hut they may be readily made from cardboard sheets; cardboard 
cartons used for shipping laboratory glassware such as beakers or 
flasks may be cut down and inserted in the drawers. 

A rigorously logical system of equipment storage is difficult, owing 
to the varying sizes of the equipment. Where possible, items of a 
similar nature should be stored together; drawer storage may be 
alphabetical or topical. The most frequently used equipment sliould 
he stored in the most accessible places, and some equipment storage 
space that can be locked should be provided for fragile, expensive or 
dangerous equipment. 
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An equipment inventory is a vital part of the storage system. This 
inventory should be kept on 3 x 5 cards, stating the name of the 
item, quantity, condition, date purchased and the manufacturer. The 
location in the storage system should also be included. 

Chemical storage. Chemicals are used frequently in all science courses, 
and their storage is extremely important. With the exception of 
chemicals which are purchased in large quantities, chemicals should 
be readily accessible; however, due to the potential, and in some cases 
extreme danger of chemical poisoning, some locked chemical storage 
space should be provided. Certain valuable chemicals also should 
be stored in a locked space. 

Shelves in chemical storage cabinets should be surfaced with some 
resistant material. Owing to corrosion danger, particularly from hydro- 
chloric acid fumes, metal equipment should be kept away from 
chemicals, in a separate cabinet or preferably in a different room. 
As a practical pointer, hydrochloric acid and ammonium hydroxide 
should be stored separately; the fumes react to form ammonium 
chloride which will collect on every available surface in the storage 
space. 

Chemicals may be arranged in the cabinet alphabetically by element 
symbols, usually (in the case of compounds) the metallic element. 
In the case of compounds of a given metallic element they can be 
arranged in order of the non-metallic ion. It is sometimes convenient 
and space-saving as well, to separate bottles of liquids from jars of 
dry chemicals, and to separate larger containers from smaller ones. 

An inventory should be kept of chemicals on 3 x 5 file cards, stating 
the name of the chemical, the quantity at time of inventory, and the 
date purchased. As the chemical is used, a notation may be made on 
the card and the item entered in the order book. 

Storage for student purposes. Student laboratory stations should be 
provided with storage space for frequently used equipment. Drawers 
should be provided for glassware, burners, etc., while a locker is neces- 
sary for ringslands, clean-up equipment and the like. 

There should be some provision made for the storage of student 
project work. Lack of such storage space is frequently a deterrent to 
effective project work, since projects are lost or broken by careless 
handling. 

Storage furniture. Many types of storage furniture are available com- 
mercially. As in the case of the other types of classroom furniture 
discussed, the science-room planner should familiarize himself with 
these types before making any final decision. 
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Thought should be given to obtaining storage furniture which uses 
other\vise “dead” space in the classroom. The space between the top 
of the ordinary storage cabinets and the room’s ceiling, for example, 
may be filled with cupboard type cabinets which may be used to 
store infrequently used items. Storage units may be built into parti- 
tioning walls between classrooms; these units have the advantage of 
accessibility from either side. Storage space may also be provided 
behind sliding tackboards and chalkboards. By the selection of proper 
furniture, almost any unused volume of space in the classroom may be 
adapted to storage purposes. 


THE DESIGN OF SPECIFIC SCIENCE ROOMS 
The problems of planning science rooms and facilities have already 
been dealt with in a general way. These problems are very similar 
from room to room, but each room presents one or more problems of 
its own. It will be the purpose of this section to discuss in detail the 
problems peculiar to each type of science room. 



The general science room. All loo often general science rooms are . 
sort of “poor relation” when science facilit.es are '’“"S ^ 
any thought is given to the special needs of the pner P S 

bepnd feeing^that the -- astred'S^^^^^ 
Stri:?™rtTS.:i"sicn^£ biofogy, and conse^nen.iy 
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the room in which it is taught may be a scaled-down replica of the 
biology room, less elaborately and expensively equipped. 

This, of course, is not the case. Even fairly small schools will require 
a room devoted solely to general science to provide an adequate 
program, since general science is taken by more pupils than any of 
the other sciences. These rooms in their way are as specific in purpose 
as the senior science rooms; they have a distinct “personality” of their 
own. Their facilities should be as carefully designed for general science 
instruction, just as the physics rooms, for example, are designed for 
that subject. 

General science, while it draws maleruil from all fields of science, is 
not, or should not he, a “watered down” version of one or all of them; 
it is a science program in its own right with its own aims and values. 
Certain activity methods and instructional techniques are most suitable 
for general science, and efficient room design must take these into 
account. 

General science activities are apt to include group discussion, com- 
mittee \vork, project work, and all-class experimentation as well as 
demonstrations and use of audio-visual aids. Formal laboratory work 
of the traditional type is not necessary and may not be advisable. 
The laboratory work called for is simpler in nature and does not require 
the same amount or kind of furniture and equipment. 

In smaller rooms that provide little work space around the room, 
fiat-topped individual tables are best. These may be rearranged in 
various fashions to suit the nature of the activities being carried out. 
Several may be pushed together to provide large work surfaces. Tablet- 
arm chairs and slanlcd-lop desks are not .tt all satisfactory. In a large 
room that provides additional work space, tablet-arm chairs may be 
used in the demonstration area. 

addition to these tables there should be one fully equipped 
laboratory unit of the physics or clicmistry type, and another of the 
biology type. Tliese may be along the wall or at the rear of the room. 
One or more additional sinks may be located at the rear or side of 
the room. There should be standard electrical outlets near all work 
surfaces. 

Making and displaying projects is an important part of the general 
science program. Adequate tackboard space should be provided in 
readily visible portions of the room. Wall display cases are needed 
for collections .ind other exhibits. A display table was mentioned in a 
previous section. A combination sand tabic and display table Inis many 
uses. 

Living materials form an important i>arl of the general science course. 
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The general science room should have an aquarium, one or more ter- 
raria, animal cages and the like. A special project room may have 
facilities for growing plants also. These facilities are discussed more 
fully in the section on the biology room. 

The storage problem in general science can be particularly vexing 
because the needs of the course are not anticipated. Since the course 
covers such a variety of topics, an equal variety of materials and 
equipment is needed. All of this must be stored carefully. Some of 
it must be locked up to keep it away from inquisitive and thoughtless 
pupils. In addition to cases in the classroom, a preparation-storage 
room with many additional cases is a necessity. 


The biology classroom. Fundamental in the design of a biology class- 
room is provision for ready access to the out-of-doors and for bringing 
things found outdoors back inside for study. There should be adequate 
window space for plants and certain types of terrariums. There should 
be a few cages for animals brought in for temporary study. 

A shelf should be provided for aquariums, with electrical outlets for 
aerators and heaters. Overhead lighting with fluorescent lamps adds to 
the attractiveness of the aquariums; this is to be preferred to sunlight, 
which promotes the growth of algae. 

Special equipment that is to be desired for the study of living things 
include an incubator, a sterilizer, and a refrigerator. The first two 
may be moved from room to room as needed; the last named may be 
kept in a preparation room that is available to all. 

Tables make the best work space for pupils; these may seat two or 
four pupils each. Tops should be acid resistant. There should be 
storage space for pupils’ books and for frequently used materials. 
Electrical outlets will be needed if the pupils use microscopes a good 
deal. If microscopes are used only occasionally, pupils may work at 
side benches or move their tables to wall outlets. Without electric 
service the tables may be movable, to add to the flexibility of the room. 

Gas, running water and electricity should be provided at one or two 
work centers, perhaps at standard laboratory tables. In addition, one 
or two large sinks are needed for washing equipment; these shou d 
have strainers that are easily removed, drainboards, and peg oar 

ctTnrtnd a. needed for exhibbs. Modeb 

and specimens may be kept on permanent exhibit except when being 
used. Microscopes are best kept in locked-cabinets A few otbtr 
cabinets will take cate of chemicals, glassware and ni.scellaneou 

supplies. 
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The growing room. The growing room is a valuable adjunct for 
biology and general science classrooms. In it may be kept living things 
that will be used for study in the regular classrooms. In it talented 
pupils may carry on special projects. 

One growing room may service several classrooms. It should be 
near them but have separate entrances from the main corridor. A 
door to the outside is useful for bringing in or taking out bulk materials 
such as soil. 

The growing room needs thermostatic temperature control and 
reasonable control of the humidity. There should be proper ventila- 
tion to take away odors. One end of the growing room should be 
fitted with a germinating bed, racks for garden flats, and storage bins 
for soil and fertilizer. Some large Wardian cases are needed for plants 
with high humidity requirements. 

Tlie shaded portion of the room should be equipped with shelves 
for aquariums, terrariums, and animal cages. Some dark closets are 
useful for keeping living things that avoid or do poorly in the light. In 
addition to the above, the growing room should have work space for 
potting plants and for cleaning animal cages. Running water and a 
sink should be available at this work center. 

The physical science room. Tlie physical science room may be planned 
specifically for chemistry or for physics, or it may be planned for 
joint use and for the physical science course now coming into favor. 
Tlie requirements for all these courses are somewhat similar, differurg 
only in emphasis, a physics room, for instance, may need more elaborate 
electrical facilities than does the chemistry room. 

Laboratory tables should have chemical resistant tops, apparatus- 
support rods and sockets, gas, electricity, hot and cold water, and 
stone sinks with lead drains and traps. In a room specifically designed 
for chemistry, the advantages of stone tops should be weighed against 
the added cost, they may be more economical in the long cun. 

There siiould be easily accessible master valves for all gas and water 
services and a master switch for the electricity. A master breaker 
switch is needed to guard against overloads and it is well for each 
student desk to be similarly protected. It is helpful to have each 
student laboratory table equipped with a special outlet that is con- 
nected with an electrical control center. These outlets may then be 
ser\’iced wiili electricity of different voltages and frequencies as needed. 

Distilled water is used in large quantities. A wall still, permanently 
installed with its own water and waste connections, may be used, or 
an ion-exebange apparatus may be used. The latter is more expensive, 
but it is more convenient and produces purer water with one treatment. 
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The science darkroom. Photography is a valuable activity at all levels 
of science instruction, both as a subject for study in itself and as a 
valuable tool in instruction. For these reasons a darkroom makes a 


valuable addition to the science suite. The darkroom need not be 
large, but it should be accessible. If circumstances dictate that it be 
located in a specific room with no other access, the logical place for it 
is the physics room or the general physical science room. 

Furniture for the darkroom should consist, at a minimum, of two 
benches, one equipped for wet work and one for dry. The dry table 
may be simply a folding classroom table, but tlie wet bench should 
be one of the type designed especially for photographic work, equip- 
ped with hot and cold running water, a flat space for developing trays 
and a large, stainless steel sink. Storage space for chemicals and at 
least one light-tight storage space for film and paper may be provided 
under the dry bench or in a wall storage cabinet. 

A good quality of photographic work may be done with a surpris- 
ingly small amount of equipment. A start may be made with a q\iite 
simple set-up, and more complicated and expensive items of equip- 
ment added as funds become available. Beginning equipment should 


include some selection of the following items; 

Development equipment. The necessary film tanks include roll film, 
sheet film, and 35 mm. day-load. If the darkroom is to be used for 
school photography purposes, such as yearbook photography, a 4 x 5 or 
SJi X press-type camera will probably be used, and appropriate 
sheet-film tanks are necessary. 

Trays should be break-resistant plastic or hard rubber. Enameled 
cooking pans may be used, but metal cooking pans are unsatisfactory, 
since they corrode and interfere with the action of the developer. 
5x7 trays are probably the smallest suitable for use in a science dark- 
room, and one set of three 8 x 10 trays should be provided. 

The following items of miscellaneous equipment arc also needed 
for developing operations; a tank and tray thermometer, film clips 
for hanging films while drying (spring clothespins are good sub- 
stitutes), a 1 quart and a 1 pint graduate (Pyre.x measuring cups may 
be used instead), a stirring rod, brown bottles (1 Pjnt. 1 
quart or gallon sizes for storing chemicals), a safelight (dark green o 

most modern films, amber for paper). . i i r^,„ 

Printing equipment. A good contact box should be P;“-f 
tact printing frames are useful as instructional devices, but arc ot 
ciont darkroom tools. A reasonably good co.dact prmter for nrg..l.ve 

sizes up to 5x7 can be obtained for aromidSIo. 

r\n enlarger is essential for quality pliotograplnc ^ 

-■■nlargers are expensive, and the less expensive enlargers 



592 Nlaking the most of the science program 

satility. It is better to do without until funds are available to buy an 
expensive one than to buy a cheap enlarger. A possibility is to build 
your own enlarger. This is difficult, but feasible; perhaps the help of 
the shop teacher can be enlisted. The total cost of a home-built 
enlarger may be less than the cost of a cheap commercial one and 
can give better service. 


IMPROVING EXISTING SITUATIONS 

Very few teachers find themselves teaching in situations where they 
have designed all the facilities themselves- Most teachers will be teach- 
ing in rooms that they will find unsatisfactory to some degree. But 
good teaching can tahe place in spite of unsuitable conditions. Teach- 
ers should work constantly towards a betterment of these conditions. 

The first step is an analysis of existing shortcomings as compared 
with ideal conditions. The second step is planning what may be done. 
The third step is setting a schedule of the order in which improve- 
ments may best be made. The fourth step is “action"— selling the 
plans to the administration and beginning such changes as lie within 
the teacher’s pov’ers. 

Remodeling o clossroom. Sometimes the school administration is 
willing to provide proper faciUties in a room where none exists. Though 
this may be an expensive procedure, proper planning and wise pur- 
chasing will help hold costs down. 

Tile orientation of the room— that is, the location of the demonstra- 
tion table and the student tables, will depend upon the utilities. Some- 
times the utilities may be tapped at the end walls, sometimes at the 
corridor walls, rarely at the outside wall. Sometimes they may be 
tapped through the floor to rooms or basements below. 

For science courses that do not require extensive use of the utilities, 
one or two sinks may be located along walls containing water pipes, 
and gas and electricity may be supplied to wall tables only. Should 
utilities at pupil laboratory tables be essential, wall and peninsula type 
tables against the walls containing the piping represent the cheapest 
installation, 

Electricity and gas can be supplied to wall tables with compara- 
tive ease. Pipes and electrical conduits can follow along the walls and 
be tapped where needed. 

If no gas line exists in the school, bottled gas may be installed with 
small expense. It is even possible to use the small portable bottles 
for demonstration purposes, although these would be expensive for 
laboratory use by all pupils. 
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A fume hood, if needed, may be set up by a window %vith a blower 
to carry ofiF the fumes. Perhaps a ventilating duct, if one exists in the 
walls of the room, can be tapped. The Kewaunee Manufacturing 
Company produces a portable fume hood which can be very useful 
in such a situation. 

Aside from installation of the utilities, the remaining requirements 
for a good classroom should cost little more than for a new classroom. 
Some of the furniture might have to be built to special dimensions, nut 
usually this is not necessary. 

Minor room modifications. Many improvements can be made in a 
science room by rather minor changes. Imagination is needed. In one 
case, for example, an amazing increase in room was ob- 

tained through the simple process of exchanging the tai'lct irn". chairs 
with which the room was equipped for the one-pupil tables in an 
English room. The increased flat space in a room previously deficiept 
in working space permitted a great increase in the number of actiwt.Oo 
possible. 

Room rearrangement can often lead to valuable results. For ex- 
ample, one of the first things a science teacher should do if the furni- 
ture in his room is fixed in position is to remove the screws and make 
the furniture movable, if its construction permits. Particularly in older 
classrooms, which were often larger than considered necessary by 
today's standards, enough space can be gained by rearranging to pro- 
vide needed accessory space. For example, if six feet along one end 
of the room can be gained in this fashion, it may be partitioned off to 
provide useful, even if cramped, accessory space. 

Much is to be gained from improving the appearance of a room; 
there is no need for the science room to be a dark, dreary place. Tlie 
paint-roller has simplified painting to the extent that anyone with a 
roller and a free weekend can effect a complete change in the appear- 
ance of his room. 

Many other room modifications will occur to tlie perceptive teacher. 

A science room is never so good that it needs no changes-or so batl 
^at it must be abandoned as hopeless. 


Consirucling laboratory facililies. Construction skills of tlic teacher 
and the pupils may be put to good use as a source of needed furniture 
and equipment, particularly when funds are linuled. In many 
articles may be produced which are as good as eomiuereially av. ula le 
counterparts .at a fraction of the cost. Even where funds .1 e 
severely limited, construction by teacliers an 
method for getting the most use of money and for Sc"' o ' 
specially designed for a particular situat.on. Such eonstruetioa lus 
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learning value as ■well, although it is not necessary to justify all such 
construction on the basis of learning value. Building a special-purpose 
table for the physics roona may not contribute a great amount of direct 
experience in physics, but the table itself is a substantial achievement 
for the student. 

Where funds are very limited, school construction sometimes be- 
comes the only method of obtaining many needed articles. In this 
case, the wisest use of funds is investing in tools; with tools and a little 
ability to hunt up needed materials, limitations are imposed only by 
the skill and ingenuity of teachers and pupils. Without tools, very 
little is possible. 

If the decision is made to begin an extensive school construction 
program, a few points should be considered. The first of these is to insist 
on careful work. The teacher who begins his construction program 
with the feeling that anything he can produce is just a poor substi- 
tute for “store-bought” materials is doomed from the start. The pur- 
pose of such a program will not be accomplished unless the items 
constructed are, within their limitations, as good as those available 
commercially. This does not mean they must be as elaborate or as fin- 
ished in appearance; it does mean that they must be of equal utility. If 
the equipment constructed by pupils or teacher will not serve its 
intended purpose adequately, it is better to save what money is avail- 
able until the needed articles can be purchased. 

If the requisite care is taken, however, there is no reason why, over a 
period of years, the school construction program cannot provide the 
school with well-designed, useful equipment, in much greater quantity 
than would be possible if the same amount of money had been used 
for direct purchase. 

A second rule is to keep it simple. Cleated joints in woodworking, 
for example, are not as good looking as dado or mortise-and-tenon 
joints; but they are as serviceable and more easily produced. Besist 
the temptation towards ornamentation, or towards tackling too elab- 
orate projects, particularly in the beginning phases of the program. 
The reasorrs for this rule should be fairly evident; simplicity reduces 
costs and construction time. Pupils, as well as the teacher, are likely 
to tire of elaborate projects, with the result that the project remains in 
a comer somewhere unfinished, or else is finished off in a slap-dash 
fashion. 

A third rule is to design for solidity and utility. Science room 
furniture and apparatus is likely to lead a rugged life. This should be 
kept in mind when plans are being made. If wooden construction is 
employed, be sure that the stock selected is oE adequate size; better 
to err on the large size than on the small. 



Settings for science teaching 


595 


ORDERING AND MAINTAINING MATERIALS 
AND EQUIPMENT 

The science teacher, in any situation, is responsible for ordering and 
maintaining science equipment. This means, that the teacher has to 
know what is on hand as well as the condition of the materials and 
equipment. From this point, the teacher can determine what has to 
be purchased— either to replace what has been used up or to replace 
equipment which has been damaged. 

Determining the inventory. A teacher, in a new teaching situation, is 
confronted with the chore of determining the inventory of equipment, 
materials and supplies. If the new teacher is fortunate enough to 
have had a predecessor who was conscientious enough to keep a cur- 
rent record of materials the inventory creates no problem. Most 
teachers who arrive in new situations are not this fortunate. 

A preliminary inventory accomplishes two purposes; not only does 
it inform the teacher of what is on hand, but it gives the teacher an 
opportunity to become familiar with apparatus that he has not come 
in contact with before. 


James accepted a teaching position at Cherry Valley Central School. 
He was supposed to report to his new teaching position on September 4th. 
During the month of Julij, Mr. James decided to spend two or three days 
at the school to take an inventory of supplies and equipment. The preced- 
ing science teacher kept no records so Mr. James’ job was overwhelming. 
The first thing he did was to inventory the chemical supplies. For each 
chemical he made outaS x5 index card. On the card, he placed the name 
cf the chemical and the amount on hand and also the date of the inventory. 
He also took an inventory of the apparatus and equipment and made ou 
“3X5 card on each piece. On each card he placed the name of the equip- 
ment. the purpose, its condition, the name of the equipment company that 
^old it, the date of the inventory and the place where it is stored so it could 

readily located. , , , ...i.f., 

nu Jas a monumental job, but when lie finished he knew exactly what 

^as available to teach his courses. 

A card system to keep an up-to-date reeord of what is available 
may serve a number of purposes; 

1. It is a ready reference He for supplte 

2. Equipment can be located easfly. su.ee each card ...d.ta 

3. !r'bTalSu.orycanheUkensviUu.utdiHcuIty. 



598 


Making the most of the science program 


Some school systems have purchasing departments which designate ' 
the company from which an item should be purchased. In such a case, 
the teacher should very clearly indicate in detail a description of the 
item so that the quality of the item is exactly as the teacher desires. 

When to order materials and equipment. Tlie science teacher should 
have a long range plan for ordering materials and equipment. Live 
material for example, should be ordered at a specified time during 
the year to assure its arrival when it is needed. Ordering live material 
during the summer months for use in the month of January is im- 
practical unless it can be maintained during the summer months. The 
teacher should record the ordering date on the 3x5 inventory cards, 
so that he will be reminded to order such material enough in advance. 

Expendable material has to be ordered yearly or each semester. 
During the summer months or before school closes, the teacher should 
indicate the needs to the principal or purchasing agent so that the 
material is available for fall. At this time, equipment which has been 
broken and has to be replaced should be ordered, together with new 
pieces of equipment that have never been part of the science inventory. 

Maintaining science equipment. In order to make certain that equip- 
ment is in good repair, the science teacher should check it after use. 
Many pieces of equipment get out of adjustment after use by pupils 
and should be inspected when the pupils are finished using them. 

A number of simple repairs can be done in the classroom if the 
science department is equipped with tools. It is not important to 
have elaborate tools, but certain basic tools are essential. 

Shop tools for science teaching. Even if an extensive construction pro- 
gram of the sort outlined earlier in this chapter is not undertaken, 
the science department should have its own set of tools. It is not 
satisfactory to depend on the shop department except for occasional 
use of power tools; there is no assurance that the tools will be avail- 
able when needed; and sending students to the shop every time tools 
are needed imposes an extra burden on the shop teacher. 

Science projects cover such a wide area that a fairly comprehensive 
selection of tools is needed. Such tools may be divided into three 
categories; in the first are tools that represent the basic minimum; in 
the second group are tools that permit a wider variety of project 
work; in the third group are tools needed for elaborate projects. All 
tools should be of good quality. Cheap tools break easily, dull quickly, 
and are a handicap to good worlonanship. 

Good tools represent a large investment. They should be stored 
carefully in locked cabinets which show at a glance whether or not 
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items are missing. Tools left around have a way of disappearing; some- 
times they are stolen, more often just borrowed and not returned. 
Not only is the financial loss serious but the loss of the tools handicaps 
the instructional program. 

A few power tools are very useful. • An electric hand drill has in- 
numerable uses, especially if suitable accessories are provided. A 
power grinder permits tools to be serviced immediately without taking 
them to the industrial arts shops. Power saws, drill presses and lathes 
are luxuries if the school shops are available to the science teacher 
when he wishes to construct equipment or help pupils with projects, 
but sometimes they justify their cost. 


Suggested activities 

1. Suppose that the principal of your school has suggested that you 
use a standard classroom to provide for the science activities of a group 
of especially talented pupils. Plan the facilities you would like in this 
room for this purpose. 

2. Assume that you are assigned a drab, dreary room for your 
science program. Develop plans for making this room an attractive 
place for young people to work. 

3. Arrange a field trip to several new secondary schools in your 
area. Study the science facilities provided in each. Discuss among 
your classmates how the facilities in each school could be improved. 


Suggested readings 

Heiss, E, D., Oboum, E. S., and Hoffman. C. W., Modern Science 
Teac/iing, Macmillan, New York, 1950. , n » i it i 

Hurd, Paul deH., Science Facilities for the Modern High School, tclu- 
cational Administration Monograph Number 2, Stanford University 
Press, Stanford, Cal., 19.54. , » » j 7 

Johnson, P., Science Facilities for Secondary Schools. 

United States Government Printing Office, Washington. 1 Jo;-. 
Richardson, J. S.. ed.. School Facilities for Science Imlruclion. National 
Science Teachers AssociaUon, Washington. 19.a4. 
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PROFESSIONALLY 
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1 

chapter 25 I A teacher should not con- 
sider himself a finished product when he completes his training and 
graduates from college. He should not be content to rely on what he 
has learned in his undergraduate work and strive only to improve his 
teaching skills and techniques. He must continue to grow profession- 
ally if he wants to increase his effectiveness as a teacher. In fact, he 
will become less effective as a teacher after a few years if he does not 
continue this growth. One of the principal reasons for this is the fact 
that out knowledge of science and its applications is increasing very 
rapidly. The growth of scientific research and new discoveries is pro- 
ceeding at such a rapid pace that no one can know all the develop- 
ments of science, even in any one particular field. A science teacher 
who wishes to do an adequate job must try to keep abreast of the de- 
velopments of science which have important implications in his 
teaching. 

Methods of teaching science are being continually improved. Re- 
search studies in methodology and educational psychology ate pro- 
viding knowledge which the teacher can use to improve his teaching. 
Teaching methods have been improved by research and through the 
development of materials to improve instruction. Ne%v and better ap- 
paratus is being developed for use in demonstrations and in laboratory 
work. A continual stream of new materials ranging from audio-visual 
aids to teacher s handbooks is being produced to help the teacher be- 
come more effective. 

It is the responsibility of the individual teacher to keep himself in- 

600 
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formed of the new developments, methods and materials which will 
make his teaching more significant and meaningful for his students. 

GRADUATE STUDY 

Many school systems require their teachers to take graduate work. In 
some instances these systems will pay the tuition for any course which 
will benefit the teacher in his teaching situation. In other school sys- 
tems, a certain number of graduate credits will place a teacher in an- 
other step on the salary scale. In most states a master’s degree or its 
equivalent is required for permanent certification in a subject matter 
area. These are all incentives for the teacher to take work which will 
improve him professionally. Teachers should not need these incentives 
to do graduate work. The beginning teacher and even an experienced 
one, no matter how well prepared, will soon see the need for more 
study to enrich his knowledge of science and to improve his teaching 
methods. The incentives mentioned should not be needed to encourage 
the competent teacher to better himself. 

Graduate programs leading to a master’s degree for science teachers 
vary considerably from university to university. A number of institu- 
tions have instituted general science programs which lead to a master 
of science degree in general science. In these programs, the teacher 
has an opportunity to extend his knowledge into areas, such as 
astronomy, genetics, and conservation, which were not included in his 
undergraduate work. One such program is given below: 

Entomology 
Water biology 
Ornithology 

Field botany and ecology 
Heredity and evolution 
Descriptive astronomy 
Microbiology and man 
Earth materials 
Radiation biology 

General science comprehensive paper 
Total 

Tlie same program may give Uie teacher a chance to concentrate in 
one or two science areas such as chemistry or physics to add to Ins 
depth of competence in these fields. 

Some universities and colleges have 
leading to a master of science in scien 
programs require 9 semester hours of 
rnester hours in science education and 


programs for science teachers 
ce education. In general these 
courses in education, tlirce se- 
I 18 semester hours in science 


3 credits 
3 credits 
3 credits 
3 credits 
3 credits 
3 credits 
3 credits 
3 credits 
3 credits 
3 credits 

30 credits 
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content courses. These are weU-balanced programs offered through 
the schools of education. 

A well-balanced graduate pro^am should include field courses as 
well as courses in bacteriolo^ and microbiology. General science 
teachers need field work to be able to answer the variety of questions 
that arise in their classes. Biology teachers in particular should defi- 
nitely include courses such as ornithology, entomology, water biology 
and field botany and ecology in their graduate programs to be able 
to enrich their biology courses and to be able to conduct field trips 
effectively. In addition, courses in microbiology and bacteriology are 
important since the advances in these areas have been so significant. 
Biology teachers should take these courses to realize that bacteriology 
is more than the bacteriology of disease. 

At institutions where general science programs are offered, a re- 
search paper of one type or another is required to complete the degree. 
The paper is supervised by a professor in the field in which the paper 
is to be written. Tlie following are titles of some research topics on 
which teachers have written while working on a master’s degree in 
general science; 

1. High polymer chemistry for beginning students. 

2. The structure of the hereditary material. 

3. Valence, its application to basic principles and reactions. 

4. The genetics of some common cereal plants. 

5. Historical development of leptons and nucleons. 

0. The genetics of dogs. 

In order to encourage science teachers to improve their professional 
competence, a number of programs for subsidized study have been 
established by industry and the government at various universities 
and colleges. The best known of these include summer and full-year 
institutes sponsored by the National Science Foundation. The Gen- 
eral Electric Company has subsidized programs at various universities 
and colleges since 1945. 

General Electric also offers summer study in the field of physics, 
chemistry, and mathematics. The General Electric Educational and 
Charitable Fund will give a science teacher a subsidy that includes 
tuition, room, board and travel. The National Science Foundation 
sponsors programs in all areas of science and mathematics, and teachers 
are subsidized to the extent of tuition, travel, books, subsistence and 
dependency allowances. During the academic year 1958-59, the Na- 
tional Science Foundation supported approximately 950 science 
teachers for a full year of study. During the summer of 1958, the Na- 
tional Science Foundation supported over 5000 science and mathe- 
matics teachers for six to eight weeks of study. 
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READING 


Periodicals. There is such a vast amount of literature available that 
the science teacher has difficulty in selecting the material that would 
be most useful to him. There are, for example, many periodicals which 
can be read with profit. Some publish non-technical articles on science 
which can be utilized by all science teachers. These include such 
periodicals as Scientific American, Popular Science, Science News 
Letter, and Science Digest. Some popular magazines of general in- 
terest occasionally publish articles on science; Life is an outstanding 
example of this type. 

There are a number of periodicals which the science teacher can 
read to broaden his understanding of the field of science teaching. 
Most of these are sponsored by professional organizations concerned 
with the teaching of science in the elementary and secondary schools. 
A list of these periodicals is given in the appendix. 

Many state and local professional organizations publish magazines 
or bulletins on science teaching. For example, the Science Teachers 
Association of New York State issues The Science Teachers Bulletin. 

A large number of professional scientific associations publish period- 
icals which report scientific advances and research findings. Many 
of these are quite technical in nature and would be of little use to 
the science teacher who does not have an adequate background. Some 
of the periodicals, however, are less technical in presentation and may 
have articles of interest to teachers of science in a particular subject 
field ( see appendix ) . 

Some universities publish bulletins and magazines which are of 
interest to science teachers. Probably the oldest and best known of 
these is the Cornell Rural School Leaflet. Some state organizations 
publish periodicals which can be used in teaching science. A goo 
example of this is the New York State Conservationist issued by the 
State of New York Conservation Department, and Arizona Highways, 


issued by the Arizona Highway Department. 

Books. There are a great number of books published each year in the 
field of science. College textbooks are a good sonrce of information 
for the science teacher who wonts to broaden his knowledge ot a 
Particniar subject. Each year many books on science are pnblislica. 
The science teacher can tnrn to the book reviews in sneh 
« Nature Magazine, Science News Leller. The Saence Tcachc^ 
Scientific American, and Scientific Monthly for help m aolccting 
ta read or to purchase. Many good books on all phases 
are available in inexpensive paperbonnd editions which make a 
able addition to the personal librae’ ol the Science teacher. 
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nisli material about which to write. By writing about his own class- 
room the teacher can analyze his leaching methods and try to improve 
them. The science teacher can describe effective techniques and teach- 
ing aids which he has developed; these are of interest to science teachers 
in general. 

If the science teacher has made experimental studies or has de- 
veloped new ideas to improve teaching methods or revised the science 
curriculum, these should be reported, for they are of interest to other 
teachers and administrators. 

The teacher’s writing can be of interest to many different types of 
individuals. The pupils and parents will be interested in matters per- 
taining to student activities in the local classrooms. The school and 
local newspapers publish articles on tht^e topics. Professional bul- 
letins and journals at the local, state, and national level provide the 
means for the teacher to publish articles of interest and concern to the 
profession as a whole. 

Articles written by science teachers can be submitted to the editors 
of various professional journals in the field of science teaching. The 
names of the editors can be found in each copy of these journals. 
In preparing an article for publication, various journals have certain 
specified formats to follow. For example, most journals require that the 
article be submitted on 8 X 10 paper, typewritten and double spaced. 
In some cases, the editors slate that photographs should not be dis- 
persed throughout the article but all placed on one page, properly 
numbered and with the captions on the bottom of the page. They may 
also require that the photographs occupy a certain area on the page so 
that the page can be more easily reproduced. The journals may also 
limit the number of photographs. Usually additional photographs 
can be incorporated beyond a specified number as long as the author 
assumes the expense. If a single photograph is to be submitted along 
with the article, it should be 8 X 10 in size and of exceptional quality. 

In general, diagrams and line drawings should be drawn in India 
ink. They should be clear and properly labeled. Pencil drawings are 
not accepted unless the journal provides an artist to draw the diagram 
for the author. This usually is not the case. 

OTHER MEANS OF PROFESSIONAL GROWTH 

Contacts with other teachers. A beginning science teacher finds that 
other teachers are one of his most valuable sources of information 
and inspiration. Another science teadier can be especially helpful in 
selecting objectives, methods, materials and sources of information. 
Even the well-qualified teacher finds his fellow teachers to be im- 



606 


Making the most of the science program 


portant resources in his professional ^owth. By working with other 
teachers who are not in the field of science teaching the science teacher 
learns to see the relationships of his subject with other subjects. This 
may bring about a better correlation between subjects and improve 
the instruction in the school. 

The science teacher can grow professionally by his contacts with 
teachers in other schools during visitations, conferences or meetings. 
The teacher can broaden his outlook on teaching methods and philoso- 
phies by the perspective gained through these wider contacts. The im- 
portance of visiting other science teachers in another school within the 
district or outside of the district cannot be over stressed. Beginning 
teachers should see experienced science teachers in action. When- 
ever a science teacher is known to be outstanding, he should be ob- 
served insofar as possible by the inexperienced. 

In-service education and workshops. A valuable method of teacher 
growth is by means of purposeful and well-conducted in-service meet- 
ings and workshops, Meetings to improve the curriculum or to solve 
problems of importance to the participants will provide an invaluable 
means of sharing thoughts on methods, activities, resources and the 
scope and sequence of courses. Working together cooperatively can 
benefit all the participants and help to improve the quality of instruc- 
tion in tlie school. 

Along with the workshop idea, many communities have cooperated 
with industry by setting up visiting days in various industrial plants 
in the area. The school systems permit teachers to visit these industrial 
plants on a particular day. All classes are cancelled for one day in 
the entire district and teachers visit one or two plants within the area. 
Teachers leam how science and technology are related. They can 
see and learn how certain scientific principles have been used in an 
industrial process. This experience in turn, enriches the science cur- 
riculum in the classroom of the teacher who has had the experience. 

Travel. The science teacher can use travel not only to provide relaxa- 
tion and pleasure, but also to gather much information, experience and 
material that will help him to improve his teaching. A camera, pref- 
erably 35 millimeter, can be used to take photographs for use in the 
classroom. Advanced planning is needed to obtain the greatest benefit 
from travel. Tourist bureaus, chambers of commerce and travel 
agencies can provide information and literature about the places to 
be visited. Visits to other places in the United Slates provide a great 
opportunity to collect plant and animal specimens for biology teaching. 
Animals and plants can be studied in their natural habitats. Visits to 
museums can give a teacher many new ideas concerning exhibits and 
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collections. Visits to local industries and spots of scientific interest 
can be utilized fully by taking photographs, obtaining samples and col- 
lecting descriptive literature. A science teacher can acquire a great 
deal of information and material for his classroom without detracting 
from the enjoyment of his travels. 

Summer employment. Industry in some instances has helped science 
teachers grow professionally by providing science related summer jobs. 
These enable the teacher to gain an understanding of the applications 
of science in industry. The teacher may work in a laboratory where 
he will develop skills and understandings in the methods of research 
which will be used in the school to improve instruction. 

Some universities have established a practice of hiring teachers as 
research assistants through the summer months. As assistants, the 
teachers can help on routine operations until they develop the skill 
and knowledge to do more advanced work. In many cases, the teachers 
take courses at the university while working. In this manner the 
teacher not only acquires up-to-date knowledge and methods, but 
also develops skills and attitudes toward research that he will carry 
back to the classroom and laboratory to stimulate his students. 

Science hobbies. Teachers can enrich their curriculum by having sci- 
ence hobbies that may be directly or indirectly associated with their 
teaching area. For example, many science teachers are ardent ento- 
mologists or ornithologists. Many are excellent water biologists. It is 
not uncommon to find a chemistry teacher who is an enthusiastic bird 
watcher or a biology teacher who is an excellent geologist. Hobbies 
not only help to enrich the curricula, but they stimulate pupils to do 
proj'ects if they see teachers who are actively interested in their own 
hobbies. 


Research. Many science teachers have excellent backgrounds in a 
particular science area. Some have advanced degrees in these science 
areas, a fact that means that they have the necessary background to do 
research. Teachers with extensive backgrounds in an area of science 
should be engaged in research. Teachers who feel that they do n^ 
have the space, the equipment or the materials to do research shou 
soHcit the help of a near-by university. University professors ^vlll 
generally cooperate with teachers on a research project by providing 
space and equipment. Teachers should not neglect to use this source 

of aid. , 

Pupils who know that teachers are actively engaged in a researen 
project may be stimulated to work on projects of , 

teacher reports his findings to the pupils, he may find that many 
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the exceptional pupils may be interested in helping him on the project. 

High school teachers who publish then: research in recognized 
journals receive the recognition from their colleagues as well as their 
pupils. These teachers will be regarded as specialists and authorities 
in their science area. Members of the community will also recognize 
them as outstanding teachers and scientists. They will be recognized 
as the teachers under whom parents would like their children to study. 

Suggested activities 

1. List the books and periodicals that should be found in a science 
teacher’s professional library. 

2. Obtain a copy of “Star Ide.is in Science Teaching,” published 
by the National Science Teachers Association. Discuss why these tech- 
niques were chosen as being outstanding. 

3. Join the National Science Teachers Association and your state 
science teachers’ organization. If possible, attend some of their con- 
ventions, 


Suggested readings 

Bobbitt, Blanche G., ‘The Basic Program of UNESCO,” The Science 
Teacher. February, 1951. 

Carlcton, Robert H., “Report of an Inquiry Concerning NSTA Mem- 
bership," The Science Teochcr, April, 1951. 

Jolinson, Philip, “National Science "Teachers Association,” The Science 
Teacher, October, 1945, pages 15-16. 

Maliinson, G. G., "State Pubfications for Teachers of Science,” School 
Science and Mathemaltcs, February, 1947, pages 181-183. 

Maliinson, G, G., and Sams, Conway C., “An Investigation of the 
Subject-Matter Competence of Student Teachers in Science," School 
Science and Mathematics, June, 1951, page 461, 

Reipiers, James, "Basic Slcience and the Student,” School of Science 
and Mathematics, April, 1951, page 289, 

Richardson, John S , Science Teaching in Secondary Schools, Prentice- 
Ilall, Englewood CliSs, N. j., 1957, Chapter 14. 

Special Problems of Science Teaching at the Secondary Level,” 
Science Education in American Schools. Forty-sixth Yearbook of the 
National Society for the Study of Education, Part I, University of 
Chicago Press. Chicago, 1947, page 222, 
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I Sections A through H of the 
appendix include lists of books and printed materials that may be 
useful to science teachers, both in the science library, for the pupils* 
use, and in the teacher’s own library, for leaching suggestions and pro- 
fessional aids. Sections I through L give sources of science equipment, 
supplies, and furniture for the secondary science program. 


A. REFERENCE BOOKS FOR THE SCIENCE LIBRARY 

Bennett, H., Chemical Formulary, Van Nostrand.^ (Gives detailed directions for 
making thousands of various chemical products.) 

Bernhardt, New Handbook of the Heavens, Mentor and Signet Key Books, The 
New American Library of World Literature, Inc., 501 Madison Avenue, New 
York 22, N. Y. 

The Book of Popular Science, The Grolier Society, Inc., 2 West 45lh St., New 
York, 36, N. Y. (Ten volumes concerning all junior and senior liigh scJiool 
sciences, continuous revision plan.) 

Himes, G. H., Dictionary of Geology, Penguin. . , n i i,,.r 

Hodgeman. Charles, ed.f Handbook of Chemistry and Physics, Chemical Rubber 
Publishing Co., 2310 Superior Ave., N. E., Cleveland, Ohio. 

Jolinson and Abercrombie, Dictionanj of Biology. Penguin, 

Lange, Norbert, ed.. Handbook of Chemisiry, Handbook Publishers, Inc., ban 


PiolS-KeyVlnre Series, William Brmvn Co.. Dubuque, 
nonsisls of several separate spirally bound inexpensive volnincs on m.niy speeil 


^ Addresses of publishers not given here arc 
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biological subjects including: fresh-svater algae, grasses, immature insects, fall 
flowers, trees, protozoa, beetles, insects, land birds, spiders, and mammals.) 
Uvarov, E. B., Dictionory of Science, Penguin. 

Van Nostrand’s Chemists Dictionary, Van Nostrand. 

Van Nostrand’s Scientific Encyclopedia, Van Nostrand. 


B. GENERAL BOOKS FOR THE SCIENCE LIBRARY, 

BY SUBJECT 

Airplanes, rockets and space ships 

Bendick, J., The First Book of Space Travel, Watts, 1954. 

Chapel, C. F., Jet Aircraft Simplified, Aero Publishers, Inc., 2162 Sunset Blvd., 
Los Angeles, 1950. 

Clarke, Arthur C., Going into Space- An Introduction to Interplanetary Travel, 
Harper, 1954. 

Coggins, jack and Pratt, Fletcher, Rockets, Jets, Guided Missiles and Space Ships, 
Random House, 1951. 

Floherty, J. J„ Aviation from the Ground Up, Lippincott, 1950. 

Grant, Charles H., Model Airplane Design and Theori/ of Flight, Air Age, 1941. 
Le%vellen, J., Birds and Planes: Hou? They Fly, Crowell, 1953. 

. You and Space Travel, Childrens Press, 1951. 

Ley, Willy, Rockets and Space Travel, Viking. 1954. 

Leyson, Burr W., Man, Rockets and Space, Dutton, 1954. 

McClintock, Marshall, Airplanes and How They Fly, Stokes, 1943. 

Neurath, Marie, Rockets and Jets, Lothrop, 1952. 

, Speeding into Space, Lotbrop, 1954. 

Ross, Frank, Jr., Flying Windmills: The Story of the Helicopter, Lothrop, 1953. 

, Guided Missiles, Rockets and Torpedoes, Lothrop, 1951. 

■ , Young People’s Book of Jet Propulsion, Lothrop, 1951. 

Yates, F. B., Boy’s Book of Rockets, Harper, 1947. 

, Model Jets and Rockets for Boys, Harper, 1952. 

Zim, H. S., Rockets and Jets, Harcourl, 1945. 

Animals 

Andrews, Roy C., All About Whales, Random House, 1954. 

, Nature's Way Hoio Nature Takes Care of its Own, Crown, 1951. 

Bridges, William, Wild Animois of the World, Garden City Books, 1948. 

, Zoo Expeditions, Morrow, 1954. 

Brown, W. S., Turtles, Harcourl, 1945. 

Buck, Frank, and Fraser, F. J., Jungle Animals, Random House, 1945. 

Clark, A. H., Animals Alice, Van Nostrand. 1946. 

Ditners, R. L., Strange Animals I Have Kijoron, Harcoiut, 1931. 

Earle, Olive L , Paws, Hoofs and Flippers, Morrow, 1954. 

Fenton, C. L., Wild Folk at the Pond, Day, 1948. 

Greenberg, S. S., and Rasken, E. L., Homemade Zoo, McKay, 1952. 

Hausman, L. A., Beginner's Guide tj> Seashore Life, Putnam, 1949. 

, Beginner’s Guide to Fresfi Water Life, Putnam, 1950. 

Henderson, L. M., Aniik, the Life Story of a Beaver, Morrow, 1948. 

Hogner, D. C., Animal Book: American Mammals North of Mexico, Oxford, 1942. 
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Innes, W. T., Modern Aquarium. 20th ed., Innes, 1952. 

, Your Aquarium, 9th ed., Innes, 1950. 

Kane, H. B., Wild World Tales, Knopf, 1949. 

Leyson, Burr VV., TJw Zoo Comes to You, Dutton, 1954. 

Mason, G. F., Animal Homes, Morrow, 1947. 

, Animal Sounds, Morrow, 1951. 

, Animal Tools, Morrow, 1951. 

, Animal Tracks, Morrow, 1943. 

' , Animal Weapons, Monow, 1949. 

McClung, Robert M., Bufo: The Stonj of a Toad. .Morrow, 1954. 

-, Stripe: The Story of a Chipmunk, Morrow, 1951. 

McMeekan, I. M., The First Book of Horses, Watts, 1949. 

Mellen, I. M,, Wonder World of Fishes, Dodd, 1951. 

Milne, L. J, and Milne, M. J., A Multitude of Living Things, Dodd, 1947. 
Ripper, Charles L., Bats, Morrow, 1954. 

Robertson, G. V., and Graham, V. M., Strange Sea Life, Holt, 1950. 

Sears, Paul M., Tree Frogs, Holiday House, New York, 1954. 

VonHagen, V. W., South American Zoo, Messner, New York, 1946. 

2im, H. S., Elephants, Morrow, 1946. 

“ « Frogs and Toads, Morrow, 1950. 

• Coldfish, Morrow, 1947. 

Mice, Men and Elephants: A Book About the Mammals, Harcourt, 1942. 
, Snakes, Morrow, 1949. 

The Great Whales, Morrow, 1951. 


Astronomy 

Barton, W. H., and Joseph, J. M., Starcraft, 2nd rev. ed„ McGraw-Hill. 1946. 
Brind 2 e, Ruth, The Story of Our Calendar, Vanguard, 1949. 

Cothren, M. B., This Is the Moon, Coward-McCann, New York, 1946. 

Dunham, M. P., What’s in the Sky? Oxford, 1941. 

Renton, C. L., and Fenton, M. A., Worlds in the Sky, Day, 1950. 

Gamov, George, The Moon, Schuman, New York, 1953. 

Hickey, J. C., Introducing the Universe, Dodd, 1931. 

Johnson, Gaylord, rev. by Irving Adler, Discover the Universe, Sentinel, New York, 


Dewellen, J., You and Space Neighbors, Childrens Press, 1953. 

Lum, Peter, Stars in Our Heavens: Myths and Fables, Pantheon, 1948. 

Meyer, J. S., Picture Book of Astronomy, Lothrop, 1945. 

Barker, B. W., Beyond the Solar System, Harper, 1941. 

Reed, W. M., PaLrns in the Sky: The Story of the Constellations, Morrow. lOol. 
r The Stars /or Scm, Harcourt, 1941. ,,.ni. 

Rey, H. A., The Stars: A New Way to See Them. Houghton MifHin, 19o-. 
Sclmeider, H., and Schneider, M., You Among the Sfors, Scott, 19^1- . 

SkiUiiig^ W. T.. and Richardson, K- S., Son, Moon and Stars: Astronomy for IS 
g'Ws, McGraw-Hill. 1946. 

^P>t2. A. W., The Pinpoint Planetarium, Holt, 1942. 

Anne T., All About the Stars, Random House, 19o4. 

WiUiams, Lou, Dipper Full of Stars: A Beginners Guide to the Ileaic , 
ml. ed.. WUcox, 1950. „ , 

'"yler, Rose, Planet Earth, Schuman, New York, lJo_. 
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Wylie, C. C., Our Starland: An Easij Guide to the Study of the Heavens. Lyons, 
Carnahan, 2500 Prairie Ave., Chicago, 1949. 

Birds 

Bronson, W. S., Starlings, Harcourt, 1948. 

Hausman, L A„ Field Guide for Birds, Wild Flowers, and Halure Study, Grosset, 
194S. 

Hickey, J. J., A Guide to Bird Watching, Garden City Books, 1953. 

Kieran, John, Introduction to Birds, Garden City Books. 1950. 

Peterson, A. xM., Wild Bird Neighbors, Wilcox, 1947. 

Peterson, R. T., Field Guide to the Birds. 2nd rev. and enl. ed., Houghton Mifflin, 
1947. 

, Hoto to Knoro the Birds, Houghton Midlin, 1949. 

Pettie, T. S., Birds m Your Back Yard, Harper, 1949. 

Zim, H. S , and Gabrielson, I. N., Birds: A Guide to the Most Familiar American 
Birds, Simon and Schuster, 1949. 

, Homing Figeons, Monrow, 1949. 

Earth sciences: anthropology, conservation, geology, paleontology, weather 

Andrews, Roy C., A(i About Dinosaurs, Random House, 1953. 

— — , Meet Your Ancestors, Viking, 1945. 

Bates, Marston, Where Winter Never Comes: A Study of Man and Nature in the 
Tropics, Scribner, 1952- 

Bronson, Wilfrid S , Freedom and Plenty: Ours to Save, Harcourt, 1943. 

Carpenter, Shirley, and Neurath, M., Icebcres and Jiinehs, Hanover House, New 
York, 1945, 

Carpenter, Shirley, Neurath, M., and Irwin, S., Mountains and Valleys, Hanover 
House, 1954. 

Carson, Rachel, The Sea Around Vs, Oxford, 1951. 

Clark, G , From Savagery to Civilization, Schuman, New York, 1953. 

Cormack, Maribelle, First Book of Stones, Watts, 1950. 

Dickinson, Alice, The First Book of Prehistoric Animals, Watts, 1934. 

Epstein, S., and Williams, B., The Real BookaAbout the Sea, Carden City Books, 
1934. ^ 

Evans, E. K., Why We Live Where We Lioc, Little, Brown, Boston, 1943. 
Fenton, C. L., Earth’s Adventures, Day, 1942. 

, Mounfoins, Doubleday, 1944. 

, Our Amazing Earth, Doubleday, 1938. 

Fenton, C. L., and Fenton, M. L., Land We Live on. Doubleday, 1944. 

, Rocks and Their Stories, Doubleday, 1951. 

, The Rock Book, Doubl^ay, 1940. 

Fisher, James, and Henion, F. H. K., art. ed.. The Wonderful World: The Adven- 
ture of the World We Live on, Hanover House, 1954. 

Graham, E. H., and Van Dersal,\V. R., Wildlife for America: The Story of Wildlife 
ConscroattOii, Oxford, 1949. 

Green, Ivan, Partners with Nature, International Textbook, Scranton, 19.50. 

Hood, P., How the Earth Is Made, Oxford, 1954. 

Hylander, C. J., Sea and Shore. Macmillan, 1950. 

Kellogg, C. E., The Soils That Support U«, Macmillan, 1941. 
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Knight, Charles R., Before the Dawn of History, ^^cGraw-Hill, 1935 
Lane, Ferdinand, C., All About the Sea, Random House, 1953. 

Longstreth, T. M., Kuoicing the Weather, Macmillan, 1943. 

Meyer, J. S., Picture Book of the Earth, Lothrop, 1949. 

Novikoff, A. B., Climbing Our Family Tree, International Universities Press Ne\ 
York, 1945. 

Pough, Frederick H., All About Volcanoes and Earthquakes, Random House, 1953 
Reed, W. M., The Earth for Sam, Harcourt, 1941. 

Sloane, Eric, Clouds, Air and Wind, Devin-Adair, New York, 1941. 

Tannehill, Ivan R., All About the Weather, Random House, 1953. 

Van Dersal, W. R., and Graham, E. H., The Land Renewed: The Story of Soi 
Conservation, Oxford, 1946. 

Williams, H. L., Stories in Rocks, Holt. 1948. 

\Vyler, R., and Ames, G., Life on the Earth, Schuman, New York, 1943. 

Zim, H. S., and Cooper, E. K., Minerals: Their Identification, Uses and How ic 
Collect Them, Harcourt, 1943. 


General science/ including physics and chemistry 


Adler, Irving, The Secret of Light, International Universities Press, New York, 1952. 
Asimov, Isaac, Inside the Atom, Abeiard*Schuman, New York, 1956. 

Bechdolt, J. E., Going Up; The Story of Vertical Transportation, Abingdon-Cokes- 
bury, 1948. 

Bendick, Jeanne, All Around You: A First Look at the World, McGraw-Hill, 1951. 
Bibby, Cyril, How Life Is Handed on, Emerson Books, New York, 1947. 

Billings, Henry, Man Under Water, Viking, 1954. 

Block, Marie H., Tunnels, Coward-McCann, New York, 1954. 

Buehr, Walter, Through the Locks: Canals, Today and Yesterday, Putnam, 1954. 
Clarke, James, Picture of Health, Macmillan, 1940. 

Floherty, J, J., Five Alarm: The Story of Fire Fighting, Lippincott, 1949. 

, Watch Your Step, Lippincott, 1950. 

Frankel, G., Short Cut to Photography, Sterling, New York, 1954. 

Freeman, Ira M., All About the Wonders of Chemistry, Random House. 1954. 
Gould, J., All About Radio and Television, Random House, 1953. 

Hoke, John, The First Book of Photographij. Watts. 19o4. 

Holton, G. J., Story of Sound, Harcourt, 1948. # 

Ley, Willy, Dragons in Amber, Viking^ 1951. 

— , Engineers Dreams, Viking, 1954. 

Leyson, Burr W., Fighting Fire, Hutton, 

Lineaweaver, M., The First Book of Sailing. Watts, 19o3. 

^^eyer, J. S., Picf lire Book o/ C/ieni«/ry, LoUirop. 1^0. 

NeWetle, C. B., et al., ElemenUnj Fholoffcphj for Club aud Home Use, 3rd ej.. 

A”B.',“Fram tod 'o Foo'-- Our Bodies end Haw Thej Work, Iniemu- 
Uonal Universities Press, New York. 1947- 


uunai Universities rrew, - 7 WTiUtlesey House, New York, 19.54. 

Pooje. Lynn, Scicnee. fled CrL First Aid Texihook, Blakiflon, 


Red Cross, American ? 

Han; Man Discoeered His Body, In.cma.innal U„iver,ilies Fress, 
New Ywk. 1947. 
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Riedman, S. R., Water for People, ScJiuman, New York, 1952. 

Ross, Frank Jr., Radar and Other Electronic Inventions, Lothrop, 1954. 

Sadtier, S. S., Chemistry of Familiar Things, 8th ed., rev., Lippincott, 1946. 
Schneider, H., and Schneider, N., How Your Body Works, Scolt, 1949, 

Schwartz, Julius, Little Things That Make a Big Difference, Whittlesey House, 
New York. 1954. 

Selsam, M. E., Microbes at Work, Morrow, 1953. 

Silver, Fem, Junior Foods and Nutrition, Appleton-Century-Crofts, 1945. 
Somerville, The Way of Science: Its Growth and Method, Schuman, New York, 
1953. 

World Almanac, New York Woild Telegram and The Sun, published annually. 
Yates, R. F., Fun with Your Microscope, Appleton-Century-Crofts, 1943. 


“How to“ books: experiments, construction and explanation 

Baei, M. E-, Without Fire: A Book of Experiments, Rinehart, New York, 1946. 
Beller, N. F., and Branley, F. M., Experiments with Electricity, Crowell, 1949. 

, Experiments in Science, Crowell, 1947. 

, More Experiments m Science, Crowell, 1950. 

Britton, Katherine, What Makes It Ticl:.^ Houghton Mifflin, 1943. 

Brown, V , How to Make a Home Nature Museum, Little, Bro^vn, Boston, 1954. 
Crouse, W, H., Understanding Science, McGraw-Hill, 1948. 

Davis, Helen M , ed., Science Instruments You Can Make, Science Service, 1954. 
Freeman, M. B„ and Freeman, I M., Fun with Chemistry, Random House, 1944. 

, Fun with Science, Random House, 1943. 

Harrison, G R , How Things Work, Morrow, 1941. 

Loeming, Joseph, The Real Book of Science Experiments, Garden City Books, 
1954. 

Morgan, A. P., Aauaritim Book for Boys and Girls, Scribner, 1936. 

■■ — — , Boy's Book of Engines, Motors and Turbines, Scribner, 1946. 

, Boy’s Book of Science and Construction, rev. ed., Lodirop, 1948. 

, First Chemislru Book for Boys and Girls, Scribner, 1930. 

, First Electrical Book for Boys, rev. ed , Scribner, 1931. 

, Pet Book for Boys and Girls, Scnbnei. 1949. 

, Simple Chemical Experiments, McGraw-Hill, 1948. 

, The Bay Electrician, rev. ed., Lothrop. 1948. 

, The Boy s First Book of Radio and Electronics, Scribner, 1954. 

Peet, Creighton, How Things Work, Holt, 1941. 

Schneider, H , Everyday Machines and How They Work. McGraw-Hill. 1950. 
Schneider, H., and Schneider, N., Science Fun with Milk Cartons, Whittlesey 
House, New York, 1953. 

Simmons, M. P., The Young Scientist, Activities for Junior High School Students, 
Exposition, New York, 1951. 

Swezey, K. M., After Dinner Science. McGraw-HiU, 1948. 

, Science Magic, McGraw-Hill, 1952. 

Verrill, A. H., Young Collectors Handbook, McBride, New York, 1948. 

Yales, R. F., A Boy and a Battery. Harper, 1942. 

■ ■■ ", A Boy and a Motor, Harper, 1944. 

, Boy’s Book of Magnetism, Harper, 1941. 

, Science loith Simple Things, Appleton-Century-Crofts, 1940. 

Zim, H. S., Things Around the House, Monow, 1954. 
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Insects 

Bronson, W. S., The Grasshopper Booky Harcourt, 1943. 

Harpster, H. T., Insect World, Vildng, 1947. 

Lane, Ferdinand C., All About the Insect World, Random House, 1954. 

Lutz, F. E., A Lot of Insects, Putnam, 1941. 

Matschat, C. H., American Butterflies and Moths, Random House, 1942. 

Neurath, M., The Wonder World of bisects, Lothrop, 1953. 

Urquhart, F. A., Introducing the Insect, Holt, 1949. 

Williamson, Margaret, First Book of Bugs, Watts, 1949. 

Zim, H. S., and Cottam Clarence, Insects: A Guide to Familiar American Insects, 
Simon and Schuster, 1951. 


Nature study 

Brown, Vinson, The Amateur Naturalist's Handbook, Little, Brown, Boston, 1948. 
Buck, M. W., In Woods and Fields, Abingdon-Cokesbury, 1950. 

, In Yards and Gardens, Abingdon-Cokesbury, 1952. 

Hillcourt, William, Field Book of Nature Activities, Putnam, 1950. 

Hylander, C. J., Out of Doors in Autumn, Macmillan, 1942. 

, Out of Doors in Spring, Macmillan, 1942. 

• , Out of Doors in Summer, Macmillan, 1942. 

, Out of Doors in Winter, Macmillan, 1943. 

Pettit, Ted, Book of Nature Hobbies, Didier, New York, 1947. 


Plants and trees 

Blough, Glenn O., Wait for the Sunshine: The Story of Seasons and Growing 
Things, McGraw-Hill, 1954. „ , , . tr 

Collingwood, G. H., Knotting Vour Trees, 5di ed.. American Forestry Associa- 
tion, 1941. „ 

Cormack, Maribelle, The First Book of Trees. Wattf. 

Cosgrove, M., Wonders of the Tree World, Dodd, 1953. 

DuPuy, W. A., This Living World: Our Plant Friends and Foes. 3rd ed.. Winston, 

El2!'cfrieton,’an*d Swaney, M. W., SoiUess Growth of Phnls, 2nd e4, 

Lut: the uppmcot.. 1943. 

, Fruits of the Earth, Lippmcott. 1942. 

Indian Harvest: The Wild Food Plants orf Amarjco. L.pp,„cott, 1945 

McKenny, Margaret, Trees of the Counlri/sWe. Knopf, 1942. 

Rog“ers’, mSS: FirsAk^fTree W-'W'™"- W3I. 
Sctaeider, H., and Schneider, N., Pta^s 

Tie, 

fowers, Simon and Schuster, lyw- 
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C. SUGGESTED PERIODICALS FOR THE SCIENCE LIBRARY 


Aquaritim 
Audubon Magazine 
Consumer Reports 
Field and Stream 
Flying 
Life 

Mechanics Illustrated 
National Geographic Magazine 


Popular Mechanics 
Popular Photography 
Poptiior Science 
Radio Electronics 
Science Digest 
Science World 
Shy and Telescope 


D. PROFESSlOt^AL SOBNCB BDUCAVON BOOKS 

Aiken, W. M., The Story of the Eight Year Study. Ha^er, 1942. 

Baker, John R,, Science and the Planned State, Macmillan, 1945. 

Dlough, G., and M. Camphelll, Woking and Using Classroom Science Materials in 

the Elementary Sclwol, Dryden, 1954. 

Blough, G., and Huggett, A., Elementary School Science and How to Teach It, 

Diyden, 1951, 

. Methods and Actmities in Elementary School Science, Dryden, 1951. 

Brandwein. P., The Gifted Student as Future Scientist, Harcourt, 1954. 

Brandweiti, P., et al,, Teaching High School Science, Harcourt, 1938. 

Burnett, R. \V., Teaching Science in the Elementary Schooi, Rinehart, 1953. 

, Teaching Science in the Secondary Schooi, Rinehart, 1957. 

, ed,. Selected Science Teoching Idcos of 1952, National Science Teachers 

Association, 1953, 

Craig, G, S., Science for the Elemenfarj/ School Teacher, Ginn, 1940. 

Croxton, W,, Science in the Elementary School Including an Activity Program, 
McGraw-Hill, 1939. 

Elder. A,, Demonstrations and Experiments in General Chemistry, Harper, 1937. 

Fovvles, G,, Lecture Experiments in Chemistry, Blakiston, 1948. 

Freeman, K., et al,. Helping Children Understand Science, IVinston, Philadelphia, 
1954. 

Heiss, E., Obourn, E., and Hoffman, C., Modern Science Teaching, Macmillan, 
1950. 

Hoff, A., Secondary School of Science Teaching, McGraw-Hill, 1947. 

, Secondary Science Teaching, rev. ed., Blakiston, 1950. 

Jersild, A. T , and Tascli, R. J., Children's Interests and What They Suggest for 
Education, Bureau of Publications, Teachers College, Columbia University, New 
York, 1951. 

Johnson, P., Science Faciiitie* for Secondary Schools, Office of Education, U. S. 
Government Printing Office, Washington, 1952. 

Laton, Anita, and Powers, S. R., New Directions in Science Teaching, McGraw- 
Hill, 1949. 

Lynde, C., Science Experiences with Home Equipment, International Textbook, 
Scranton, Pa., 1939. 

, Science Experiences tcifh Inexpensive Equipment, International Textbook, 

Scranton, Pa., 1939. 

. Science Experiences with Ten-Cents Store Equipment, 2nd ed.. Van Nos- 
trand, 1950. 
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Miller, D-. and Blaydes, G., Methods and Materials for Teaching Bioloeical Sci- 
ences, McGraw-Hill, 1938. 6 s 

Morholt, Evdyn, et al., A Sourcebook for the Biological Sciences, Harcourt, 1938. 

i loulton, F R., and Schiffers, J., The Autobiograpluj of Science, Doubleday, 1945. 

iMaUonal Education Association, Science for Today's Children, 32nd Yearbook Bui- 
letm. Department of Elementary School Principals, Washington, 1953. 

, Science in Secondary Schook Today, Bulletin of the National Association 
of Secondary School Principals, Washington, January, 1953. 

National Society for Study of Education, 46th Yearbook, Science Education in 
American Schools. Washington, 1947. 

Pearson, K., The Grammar of Science, Dutton, 1937. 

Pitiuga, G. E., Science Excursions into the Community, Bureau of Publications, 
Teachers College, Columbia University, 1943. 

Richardson, J., ed.. School Facilities for Science Instruction, National Science 
Teachers Association, Washington, 1954. 

~ , Science Teaching in Secondary School, Prenlice-Hall, 1957. 

Richardson, J., and Gaboon, C., Methods and Materials for Teaching General and 
Physical Science, McGraw-Hill, New York, 1951. 

Science Clubs of America, Sponsors' Handbook: Thousands of Science Projects, 
Science Service, 1719 N St. N. W’. Washington 6, D. C. 

Sutton, R., Demonstration Experiments in Physics, iNlcGraw-Hill, 1938. 

Swezey, K., Chemistry Magic, McGraw-Hill, 1956. 

~ ; After-dinner Science, McGraw-Hill, 1952. 

Weisbruch, F., Lecture Demonstration Experiments for High School Chemistry, 
Educational Publishers, St. Louis, 1951. 

Wells, H., Secondary Science Education, McGraw-Hill, 1952. 

Yates, R. F., Science with Simple Things, Appleton-Century-Crofts, 1942. 


E PROFESSIONAL JOURNALS, MAGAZINES AND PAMPHLETS 

Journals and magazines 

American Biology Teacher, National Association of Biology Teachers, Brj’an, Ohio. 
American Journal of Phtisics, American Institute of Physics, 335 E. 45 St., New 
York, 17. 

American Scientist, Sigma Xi, 54 Hillhouse Ave., New Haven 11, Conn. 

Canadian Nature. Audubon Society of Canada, 181 Jarvis St.. Toronto 2. Ontario. 
Chemical and Engineering News, American Cliemical Society, 1155 16 St. N. W., 
Washington, D. C. , . . , ... «t tt • 

Cornell Rural School Leaflets, N. Y. State College of Agriculture, Cornell Um- 
, versity, Ithaca, N. Y. , c. rr . « 

lounml of Chemical Education, 20 & Nortliamploii Sts.. Easlon, Pa. 
book and Listen, Britain's Audio-Visual Auk lounml, 62 Doughty St, Loodo... 

lladw?ualics Teacher, National Council of Teachers of .Mathematics, 1201 10 St 
™'NaUon.-U Geographic Society, IB and .M St., N. W.. Wash- 
b'ScTHislory, American .Museum of Natural Ilirtoo-. Central P.rrk NV. and 
■Vo'lurl' hi!eLTr*Q.., St .Martins St. London. W. C. 2. 
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Review of Educational Research, American Educational Research Association. 

1201 16 St, N. W., Washington. 

SchooJ Science end Mathematics, Box 408, Oak Park, HI. 

School Science Rceieio, S. W. Read, 31 Gtosvenor Road, Chichester, Sussex, Eng- 
land. 

Science, A.A.A.S , 1515 Massachusetts Ave. N. W., NVashington 5. 

Science Counselor, Duquesne Univ., 901 Vickroy St, FiUshurgh 19, Pa. 

Science Education, Clarence Pruitt, ed.. National Association for Research in 
Science Teaching, U. of Tampa, Rorida. 

Science Edtication, 374 Broadway, Albany, N. Y. 

Science News Letter, Science Service, 1719 N St N. W., Washington 6. 

Scientific American, Scientific American, Inc-, 415 Madison Ave , New York 17. 
Shj and Telescope, Harvard Observatory, Cambridge 38, Mass. 

The Science Teacher, National Sdence Teachers Association, 1201 16 St N. W., 
Washington 6. 

Turtax Ncics, General Bio. Supply House, 761 E. 69 PI., Chicago 37. 

World Science Recieic, 11 Eaton Place, London. S. W. 1. 

Wcflthertcise, American Meteorological Society, 3 Joy St., Boston 8, Mass, 

Welch Physics ond Chemistry Digest, and Wclcn Ccnerol Science and Biology 
Digest, W. M. Welch Scientific Co.. 1515 N. Sedgwick St, Chicago 10, 111. 

Pamphlets 

Cardinal Principles of Secondary Education, Report of Commission on the Re- 
organization of Secondary Education, U. S. Office of Education Bulletin 35, 
Washington, 1918. 

Croxton, W. C., Redirecting Science Teaching in the Light of PersonaLSocial 
Needs, National Education Association, Washington, 1942. 

Education for ALL American Youth, Educational Policies Commission, National 
Education Assocution, Washington, 1944. 

Program for Teaching Science, National Society for the Study of Education, Thirty- 
first Yearbook, Part I, University of Chicago Press, 1932. 

ReorganiMtion of Science in Secondary Schools, U. S. Office of Education Bul- 
letin 26, Washington, 1920- 

Report of the Committee of Ten on the Reorganization of Secondary Schools, 
N. Y. World Book, 1894. 

Science Ediicalion in American Schools, National Society for the Study of Educa- 
tion, Forty-sixth Yearbook, Part 1, University of Chicago Press, 1947. 

Science in General Education, Progressive Education Association, Appleton* 
Century-Crofts, 1938. 

Science in Secondary Schools Today, National Association of Secondary School 
Principals Bulletin, Vol. 37. No. 191, January 1953. 

Yearbooks of the United States Department of Agriculture, Washington, D. C. 
Obtain tlirough your congressman. 


F. PAPERBACKS AND INEXPENSIVE BOOKS 
OF iNJEREST TO THE SCIENCE TEACHER 

Astronomy and geology 

Astronomy, Miller, Bellman Publishing Co., P. O. Box 172, Cambridge 38, Mass. 
Biography of the Earth, Gamow, New American Library. 
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Bir* and I^ath of the Sun, Gamow, New American Library 

cTJatZ n?fr ^r'"'‘ Sciences, Adams, DoVer Publications. 

K^eation of the Umcerse, Gamow, Compass Books, Vikinc 
Dictionary of Geology, Himus. Penguin. 

Discover the Stars, Johnson and Adler, Sentinel Books, 112 E. 19 St New York 3 
Dtscovenes and Opinions of Caldeo. Drake, Anchor Books, Doubleday 
Exploration of Space, Clarke, Pocket Books, 

Frontiers of Astronomy, Hoyle, New American Librari 
Ecology in the Service of Man, Fearnsides & Bulman, Penguin. 

History of Astronomy, Thales to Kepler, Dreyer, Dover Publications. 

Hotv to Know the Minerals and Rocks. Pearl, New American Library. 
i^ey to the Heavens, Mattersdorf, Premier Books, Fawcett. 

Life on Other Worlds, Jones, New American Library. 

Nature of the Universe, Lucretius, Penguin. 

New Astronomy, Scientific American, Simon and Schuster. 

ne Two Three-~-Infinity, Gamow, New American Library. 

^ngin of the Earth, Smart, Penguin. 
l^inciples of Geology, Field, Barnes & Noble, 
nocks and Minerals, Pearl, Barnes & Noble. 

Universe, Scientific American, Simon and Schuster. 

6- Dr. Einstein, Barnett, New American Library. 

World of Copernicus, Armitage, New American Library. 


Biology 

Atomic Radiation and Life, Alexander, Penguin. 

von Frisch, Cornell University Press, 124 Roberts PI., Ithaca, N. Y. 
Dictionary of Biology, Johnson & Abercrombie, Penguin. 

Elements of Physical Biology, laOtka, Dover Publications. 

Ecscinating Insect World of Fabre. Teale, Premier Books, Fawcett. 

General Biology, Alexander, Bames & Noble. 

General Botany, Fuller, Bames & Noble. 

General Zoology, Alexander, Bames & Noble. 

Genetics, Kalmus, Penguin. 

Human Use of Human Beings, Wiener, Anchor Books, Doubleday. 

Lining Tide, Berrill, Premier Books, Fawcett. 

Origin of Species, Dar>vin, Frederick Ungar Publishing Co., 103 E. 24 St., New 
York 10, N. Y. 

^bysics and Chemistry of Life, Scientific American, Simon and Schuster. 

Plant Life, Scientific American, Simon and Scliuster. 

Sea Around Us, Carson, Ne^v American Library. 


Chemistry 

Mchemy, Holmyard, Penguin. 

Chemical Industry, Williams. Penguin. 

Chemistry, Hutton, Penguin. 

Crucibles, Ta£Fe, Premier Books, Fawcett. 

^fetals in the Service of Man, Street, Schuster 

‘Veil) Chemistry, ScienUllc ''meHeai.j^S.inon aud Sdiustcr. 
Organic Chcmisirij, Degeriiig et al.. 

Physical Chemistry. Kitlsley, Bames i NoWe- 
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History and philosophy 

The Arabs, Hitti, Gateway Books, Henry Re^ery Co., 64 E. Jackson Blvd., 
Chicago 4, 111. 

Concerning the Nature of Things, Bragg, Dover Publications. 

Copernicus to Einstein, Reichenbach, Wisdom Library, Philosophical Library, Inc., 
15 E. 40 St., New York 16, N. Y. 

Evolution of Scientific Thought, D’Abro, Dover Publications. 

Experiment and Theory in Physics, Bom, Dover Publications. 

Foundations of Experimental Science, Campbell. Dover Publications. 

Foundations of Physics, Lindsay & Margenau, Dover Publications. 

From Magic to Science, Singer, Dover ^blications. 

Great Essays in Science, Gardner, Pocket Books. 

Greek Science, Farrington, Penguin. 

Lives in Science, Scientific American, Simon and Schuster. 

Magic, Science, and Religion, Malinowski, Anchor Books, Doubleday. 

Man on His Nature, Sherrington, Andhor Books, Doubleday. 

Nature of Physical Theory, Bridgman, Dover Publications. 

New Worlds of Modern Science, Engel, Dell Publishing Co., 750 Third Ave., New 
York 16. N. Y. 

Science and Hypothesis, Poincare, Dover Publications. 

What Happened in History, Childe, Penguin. 

What Is Life? Schrodinger, Anchor Books, Doubleday. 

What Is Science? Campbell, Dover Publications. 

Mathemoties 

Analytic Geometry, Oakley, Bames 6t Noble. 

Asymptotic Expansions, Erdelyi, Dover Publications. 

Calculus, Petersen & Graesser, Littlefield, Adams & Co., 128 Oliver St., Paterson, 
N. J. 

College Algebra, Feinstein & Murphy, Littlefield, Adams & Co., 128 Oliver St., 
Paterson, N. J. 

College Algcbro, Moore, Bames & Noble. 

Descriptive Geometry, Slaby, Bames & Noble. 

Dictionary of Mathematics, McDowell, Wisdom Library, Philosophical Library, 
Inc., 15 E. 40 St.. New York 16, N. Y. 

The Elements (3 vols. ), Euclid, Dover Publications. 

Famous Problems of Elementary Geometry, Klein, Dover Publications. 

The Geometry, Descartes, Dover Publications. 

Geometry of Four Dimensions, Manning, Dover Publications. 

Introduction to Theory of Groups, Cannichael, Dover Publications, 
introduction to Theory of Numbers, Dickson, Dover Publications. 

Mathematics, Magic, and Mijstery, Gardner, Dover Publications. 

Non-Euclidean Geometry, Bonola, Dover Publications. 

Number, the Language of Science, Dantzig, AnAor Books, Doubleday. 

Prelude to Mathematics, Sawyer, Penguin. 

Principles of Relativity, Einstein et al., Dover Publications. 

Statistical Methods, Aikin & Colton, Bames & Noble. 
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Physics 

Atomic Power, Scientific American, Simon and Schuster. 

Automatic Control, Scientific American, Simon and Schuster. 

Dialogues Concerning Two New Sciences, Galileo, Dover Publications. 

Matter and Light, de Broglie, Dover Publications. 

Optics, Newton, Dover Publications. 

Our Friend the Atom, Haber, Dell. 

Physics: First Year College, Bennett, Barnes & Noble. 

Physics Made Simple, Freeman, Made Simple Books, Doubleday. 

Revolution in Physics, de Broglie, Noonday Press, 80 E II St., New York 3, N. Y. 
Rise of the New Physics (2 vols.), D’Abro, Dover Publications. 

Science of Flight, Sutton, Penguin. 


G. LIST OF PUBLISHERS 


as well as most of the publishers mentioned in ihe reference section. 

Abelard-Schuman, Inc., 404 4lh Ave., New York 16. 

*Allyn and Bacon, 150 Tremont St., Boston II. 

'American Book Company, 55 5th Ave., New York 3. 

"Amsco School Publications, 45 E. I7th St, New York. 
Appleton-Century-Crofts, Inc., 35 W. 32nd St, New York 1. 

Barnes & Noble, 105 5th Ave., New York 3. 

’’Barron’s Educational Service, Inc., 343 Great Neck Bd., Great Neck, N. Y. 
’’Cambridge Book Company, 6 Varick Street, New York. 

Chemical Rubber Company, 1900 W. 112tli St, Cleveland, Ohio. 
Childrens Press, Inc., Jackson Dlvd. and Racine Ave., Chicago 7. 

’’College Entrance Book Co., 104 5tli Ave., New York. 

The Thomas Y. Crowell Co., 432 4th Ave.. New York 10. 

Crown Publishers, Inc., 419 4th Ave., New York. 

John Day Co., Inc., 62 W. 45lh St, New York 30. 

Dell Publishing Co., Inc., 750 3rd Ave.. New York 16. 

Didier Publications, 660 Madison A\c., New York. 

Dodd, Mead & Co., 432 4tli Ave., New York 16. 

Doubleday & Co., Inc.. Garden Citv, N. Y. 

Dover Publications. Inc., 920 Bro.»dway, New jork 10. 

The Drjden Press, Inc., 31 W. SJlI. SI New lork 19. 

E. P. Dutton nnti Co.. Inc.. 2S(M02 Jll. As o. Now ^orl 10. 

Tho Exposition Press. 3SG Jtli Ave.. Nto- Wt 

Favseett Pnblioations, Inc.. Fawcett DIdg.. Cr^.m.ch, Conn. 

Carden City BooU, 575 Madison Are.. Nov 7otk 
'Ciiiii and Company. Staticr DIdg.. DmIoiu 
C rosset & Dunlap. 1107 Bro.idv.ay. Nw , 

•Ilarcourt. Brare and Co., 3S3 Madiwi. 

Harper & Brothers, 19 E. 33rd St 

D. C. Heath and Co.. 2S5 Col.iml.ns Ave.. B<"«n"- 
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Henry Holt & Co., Inc., 383 Madison Ave., New York 17. 
Houghton Mifflin Co., 2 Park St., Boston. 

International Publishing Co., Inc., 381 4th Ave., New York. 
International Textbook Co., 1001 Wyoming Ave., Scranton, Pa. 
'Iroquois Publishing Co., Inc., Iroquois Blvd., Syracuse, N. Y, 
Alfred A. Knopf, Inc., 501 Madison Ave., New York 22. 

J. B. Lippincott Co., E. Washington Sq., Philadelphia, Pa. 
Lothrop, Lee & Shepard Co., Inc., 419 4th Ave., Nesv York 16. 
McGraw-Hill Book Co., 330 W. 42nd Street, New York 36. 

David McKay Co., Inc., 55 5lh Ave., New York 3. 

The Macrtnllan Co., 60 5th Ave., New York ll. 

William Morrow & Co.. Inc., 425 4th Ave., New York 16. 

National Audubon Society, 1000 5th Ave., New York. 

New American Library, 501 Madison Ave.. New York 22. 

•Oxford Book Co., Inc., 222 4th Ave., New York 3. 

Oxford University Press, Inc., 114 5th Ave., New York 11. 
Pantheon Books, Inc., 333 6th Ave.. New York 14. 

Penguin Books, Inc., 3300 Clipper Mill Rd., Baltimore 11, Md. 
Pocket Books, Inc., 630 5th Ave., New York 20. 

Prentice-Hall, Inc., Englewood Cliffs. N. J. 

G. P. Putnam’s Sons, 210 Madison Ave., New York. 

Random House, Inc., 457 Madison Ave., New York 22. 

Rinehart & Co,, Inc-, 232 Madison Ave., New York 16. 

Row, Peterson and Co., 1911 Ridge Ave., Evanston, 111. 

Charles Scribner's Sons, 597 5th Ave., New York 17. 

•Scott, Foresman & Co., 433 E. Ene St., Cbicaco 11. 

•Silver Burdett Co., Park Ave. and Columbia Rd., Morristown, N. J. 
*The L. W. Singer Co., Inc., 249 W. Erie Blvd., Syracuse, N. Y. 
Simon and Schuster, Inc., f?30 5th Ave., New York 20. 

Vanguard Press, 424 Madison Ave., New York 17. 

•D. Van Nostrand Co . Inc., 120 Alexander St, Princeton, N. J. 
The ^hking Press, Inc., 625 Madison Ave., New York 22 
Franklin Watts, Inc., 699 Madison Ave., New York 21. 

Wilcox & Follett Co., 1000 W. Washington Blvd., Chicago 7. 

John Wiley & Sons, 440 4th Ave., New York 16. 

•Tile John C. Winston Co., 1010 Arch St, Philadelphia 7. 


H. LISTINGS OF FILMS AND FILMSTRIPS 

5434 U. S. Cavenimcnt Films, Office of Education, U. S. Govt. Printing Office, 
Washington 25, D. C., S.70. 

Blue Bool' of IC-miM. Fi'/nis, Educational Screen, 64 E. Lake St., Chicago 1, $1.50. 

Director!/ o/ 2600 Film Libraries (16inm.), Office of Education, U. S. Govt Print- 
ing Office, Washington 25, D. C., S.35. 

Educational Film Giiide, H. W. Wilson Co., 950 University Ave., New York 52, 
S3.00. ^ 

Educators Guide to Free Films, Educator’s Progress Service, Randolph, Wise., 
$5.00. ^ 

Educator's Guide to Free Slidefiltns, Educator’s Progress ScA’icc, Randolph, Wise., 
$4.00. 
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Evaluation of Current Films (monthly). Educational Film Library Association 
Film Library Catalogue, Dept, of Commerce, Albany 1, N. Y. 

FVmstrip Guide, H. W. Wilson Co., 950 University Ave , New York 32, $3.00. 
Films for Classroom Use, Teaching Film Custodians, Inc., 25 W. 43 St , ' ' 

York 36. 

Filmstrips: A Descriptive Index and User’s Guide, Falconer, McGraw-Hill Bo-'k 
Co., New York, $5.00. 

Films, Recordings, and Slides, N. Y. State College of Agriculture, Come’’ ‘ ' 
Ithaca, N. Y. 

General Motors Motion Picture Catalog, General Motors Corp., Detroit 2, or !' -> 
Montgomery St., San Francisco 4. 

Lifelong Learning, Dept. Visual Institute, U. of California, Berkeley 4. 

Mental Health Motion Pictures, U. S. Dept. Health, Education, and Weltau- 
Washington 25, D. C., $.35. 

Modern Index and Guide to Free Educational Films from Industry, Modem 1 dik- 
ing Picture Service, Inc., 45 Rockefeller Plaza, New York 20. 

Motion Pictures and Slide Films, General Electric Film Library, P. 0. Box 5970A 
840 South Canal St, Chicago; or Peachtree Rd., Atlanta; or 4966 Woodland 
Ave., Cleveland; or 1801 N. Lamar St., Dallas; or 710 2d Ave., Seattle. 
Reference Catalog of Medical Films and Filmstrips, Veterans Administration, 

Shell Motion Picture Catalogue, Film Library 50 W. 50 St, New York 20; or 100 
Bush St, San Francisco 6. , , , 4 iKn t 

U. S. Govt. Films for Schools and Indtistnj. United \\ odd Fdms, Iiic., 1445 Park 
Ave., New York 29 (depository agency of U. S. OfRce Education films, and 
many government films). 

Periodicals reviewing films and filmstrips 

Audio-Visual Guide 

Educational Screen 

Film World and AV World 

See and Hear 

I. SOURCES OF SCIENCE EQUIPMENT AND SUPPLIES 

c„ ... .i.c.iRpH bv Richardson as trade and local.* Local 

Sources of equipment , i“,|,J„,„„„u„ity. These are important to the 

»urces are those that are f .Lterials. Trade* resourcc-s are 

setenco teacher since „f various types. Seme companies sin.- 

ST,%tmicarwhile otters may specialise in plqsics apparaiust some 
specialize in both. 

hardware store 

auto-salvage shop lumhcraard 

camera shop plumbing sl.on 

“nig store ndiit-rcpair shop 

electric shop ,vhooI store 

nve-and*lcn cent store shop and iiuchiue shop * 

fuel )ard 

grocery store 

. .. i.-.. t„ 'tcitiuf Imtiuctum. 

2 niclurdsOII. J.. SCIUH^I hiiCLlUUif 

» Ibid. 
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The equipment and materials obtainable from each of these sources vary greatly, 
but die list following each source is suggestive of the resources which the science 
teacher may expect to find.* 


Aiifo-Sfl/cage shop 
Batteries 
Carburetors 
Differential 
Engines 
Fuses 
Generators 
Headlight bulbs 
Headlight reflectors 
Induction coils 
Instruments 
Ammeter 
Fuel gauge 
Speedometer 
Thermometer 
Magnetos 
Metal tubing 
Safety glass 
Small motors 
Spark plugs 

Camera s/iop 
Blueprint paper 
Cameras 

Contact and enlarging paper 

Developers, fixers 

Enlargers 

Exposure meters 

Film 

Timers 

Tra)s and tanks 
Drug ilore 
Chemicals 
First-aid materials 
Photographic supplies 
Proprietary products 

Fivc~atid-tcn cent store 
Aluminum sliwl 
Brass ivire 
Celloplune 
Eltx-trical equipment 
Fish line 
IHashlights 
Bulletin board 

*lbUi. 


Friction tape 
Clue 
Iron wire 

Lacquer and varnish 

Mirrors 

Paint 

Ping-pong balls 
Rubber balloons 
Sandpaper 
Screws, nuts, bolts 
Suction cups 
Springs 

Tape measures 

Thermometers 

Thread 

Tools 

Toys 

Electromagnets 

Gyroscopes 

Magnets 

Marbles 

Xylophones 

Crocenj store 
Baking powder 
Bleaching solution 
Bluing 

Carbonated water 

Com syrup 

Epsom salts 

Matches 

Mineral oil 

Paraffin 

Saccharin 

Sealing wax 

Sodium bicarbonate 

Starch 

String 

Sugar 

Tabic salt 

Turpentine 

Hardvcarc store 
Abrasives 
Aluminum sheet 
Bolts 
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Brass rods 
Brass sheets 
Brass wire 
Celluloid sheet 
Clothespins 
Copper wire 
Cord 

Electrical supplies 
Doorbells and buzzers 
Dry cells 

Fluorescent lighting 

Fuses 

Insulation 

Light bulbs 

Motors 

Plugs 

Resistance units 
Sockets 
Solder 
Switches 
Transformers 
Wire 
Fishline 
Class sheet 
Iron sheet, bar, rod 
Lacquer 
Lead 
Paint 
Nails 
Pulleys 
Screws 
Screw eyes 
Screw hooks 
Springs 

Tape measures 
Thermometers 
Thermostats 
Tools 

Emery wheels 

Hammers 

Hand drills 

Planes 

Pliers 

Saws 

Screw drivers 
Soldering irons 
Tumbuckles 
Twine 
Varnish 
V-belts 
While lead 


Lumbenjard 
Glass sheet 
Hardware 
Insulation 
Lime 
Lumber 
Paint 
Plaster 
Varnish 

Radio-repair shop 
Choke coils 
Condensers 

Cores from discarded transformers 

Electrical instruments 

Radio tubes 

Rheostats 

Solder 

Transformers 

Wire 

School store 
Erasers 
Friction tape 
Fuses 
Ink 

Light bulbs 
Oil 

Paper 

Paper towels 
Pencils 
Soap 
Wire 

Tin shop and machine shop 
Ball bearings 

Rods of various materials 
Screws, bolts, rivets, etc. 

Sheet metal 

Miscellaneous 

Billiard balls from game parlors 
Coal from the local coalyards 
Dry icc from the school cafeteria or 
uciicatessen 

Fabrics from the dij-goods stores 
Gasoline and oil from the service 
stations 

Ice from tlic school cafeteria and 
tire icc plant 
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J. SOURCES OF LABORATORY FURNITURE 


Biow'ne-Morse Co. 

110 Broadway 
Muskegon, ^lich. 

Equipment & Furniture Co., Inc. 
116 E. 32nd Street 
New York, N. Y. 

Hamilton Manufacturing Company 
1935 Evans Street 
Two Rivers, Wise. 

Kewaunee Manufacturing Company 
5019 S. Center Street 
Adrian, Mich. 

Maurice A. Knight 
Akron, Ohio 


Laboratory Furniture Co., Inc. 
3720 Northern Blvd. 

Long Island City, N. Y. 

Metalab Equipment Corporation 
210 Duffy Avenue 
Hicksvjlle, N. Y. 

Leonard Peterson & Co., Inc. 
Fullerton and Racine Avenues 
Chicago, III. 

E. H. Sheldon and Company 
149 Thomas Street 
Muskegon, Mich. 

W. M. Welch Manufacturing Co. 
1515 Sedgwich St 
Chicago, Bl. 


K. ADDRESSES OF SUPPLY HOUSES 

AinsNsoith & Sons, Inc., 2151 Lawrence St., Denver 5. 

Allied Chemical & Dye Coq)„ 40 Rector St, New York 6. 

Aloe Scientific, Division of A. S. Aloe Co., 5655 Kingsbury St, St Louis 12. _ 
Ameiican Hospital Supply Coip., 46-65 16S St., Flushing, N. Y., ot 2626 Ridge 
Ave., Evanston, 111. 

American Optical Co , Buffalo 15, N. Y. 

American Type Culture Collection (bacteria), 2020 M St., N.NV., Washington 
6, D. C. 

Bausch and Lomb Optical Co., 635 St. Paul St. Rochester, N. Y. 

Biddle h Company. 1316 Arch St.. Philadelphia 7. 

Biological Researcli Products Co., 243 W. Root St., Chicago. 

California Biological Service. 1612 W. Glenoaks Blvd., Glendale. 

California Botanical Materials Co., 861 E. Columbia Ave., Pomona. 

Cambosco Scientific Co , 37 Antsverp St., Brighton 35, Mass. 

Carolina Biological Supply Co., Elon College, N. C. 

Central Scientme Co., 1700 N- Irving Park IVd., Chicago 13. 

Certified Blood Donor Service, 146-16 Hillside Ave., Jamaica 35, N. Y. 

Chicago Apparatus Co., 1735 N. Ashland Ave., Chicago 22. 

CUy-Adams Co., Ml E. 25 St., New York 10. 

Coming GLiss Works, Coming, N. Y. 

Denoycr-Geppert Co., 5235 N. Ravenswood Ave.. Chicago 40. 

Difeo Laboratories, Inc., Detroit 1. 

Dow Chemical Co., Midland, Mich. 

Eastm.in Kodak Co., 343 State St, Rochester 4, N. Y. 

Eimer and Amend, Greenwich and Morton Sts., New York M. 

Erb & Cray Co., 854 S. Figueroa St, Los Angeles 14. 

Fbhcr Scientific Supply Co., 139 Fislicr Bldg.. Pittsburgh 19. 

Ceucral Biochemicals, Inc., 677 Laboratory Park, Chagrin Falls, Ohio. 
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(Turtox), 8200 S. Hoyne Ave. Chicago 20 
Gradvyohl Laboratories, 3514 Lucas Ave., St. Louis 3. ® 


osJi-i Lsucas Ave., 5>t. 

Graf^psco Co., 5868 N. Broadway, Chicago 40, 

Harsh^v Scientific Division, Harshaw Chemical Co.. 1945 E 97 St 
Kelly-Koett Manufacturing Co., 24 E. 6th St.. Covington, Ky. 
Kimble Glass, P.O. Box 1035, Toledo 1, Ohio. 

Knickerbocker Blood Donor Service, 300 W. 43 St., New York. 
Charles Lane Corp. (cabinets), 105 Chambers St, New York 7. 
Leder^ Laboratories, Div. American Cyanamid Co., Midtown Rd. 


Cleveland 6. 


Pearl River, 


Leitz, Inc., 468 4th Ave,, New York 16. 

Los yrgeles Biological Laboratories. 2977 VV. 14 St., Los Angeles 6. 

Marine Biological Laboratory, Woods Hole, Mass. 

Merck & Co., Rahway, N. J. 

Monsanto Chemical Co., 1700 S. 2d St., St. Louis 4. 

Nalge Co,, Inc. (plastic ware), Rochester 2, New York 
New York Scientific Supply Co., 28 W. 30 St., New York 
Nutritional Biochemicals Corp., 21010 Miles Ave,, Cleveland 2 
Nystrom & Co., 3333 N. Elston Ave., Chicago 18. 

Oregon Biological Supply Co., 1806 S.E. Holgate Blvd., Portland. 

Pacific Laboratory Apparatus Co., 3555 Whither Blvd., Los Angeles 23, 

Polaroid Corp., Cambridge 39, Mass. 

Product Design Co. (conservation kits), 2796 Middlefield Rd., Redwood City, 
Calif. 

Charles Pfizer & Co., 11 Bartlett St., Brooklyn, N. Y. 

Research Specialties Co., 2005 Hopkins St., Berkeley 7, Calif. 

Sheldon Equipment Co., 149 Thomas St, Muskegon, Mich. 

Sprasue*Dawley, Inc. (laboratory rats), P.O. Box 2071, Madison 5, Wise. 
Standard Scientific Corp., 34 W. 4th St. New York. 

Testa Manufacturing Co., 418 S. Pecan St, Los Angeles 33. 

United Scientific Co., 204 Milk St, Boston 9. 

Ward’s Natural Science Establishment, 3000 Ridge Rd. E., Rochester 9, N. Y. 
Welch Manufacturing Co., 1515 N. Sedgwick St, Chicago 10. 

Western Laboratories, 826 Q St., Lincoln, Neb. 

Windsor Biology Gardens, Moore's Creek Rd., Bloomington, Ind. 


I. LISTINGS OF FREE AND INEXPENSIVE 
SCIENCE MATERIALS 


Sources of Free and Inexpensive Educational Materials. Field EiUcq)riscs, Inc.. 

Education Division, Merchandise Mar, Plaza, Chicago o.|. 105.5, 53.00. 

Eree nnd Inexpensiee 

Sn.?rr“„r^eS,i;\wlr,* C. WinUs. Bur. EdnCiona. Research. Ohio 

SomeS o/ Vmfnnd Ineapens/ee TiCurcs for ,l.c Clas.roo..,, B. .M.ller, Box 300, 

Riverside, Calif., 1956, $.50. Schools. C. Hollancl. .Vat. /Usoc. 

Free and Inexpensive Teaching AuU J Wailiington 0, 

Secondary School Principals. N.t..A., i- 
D. C., 1949, Sl.Oa 
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Sources of Free and Inexpensive Materials in Health Education, Teachers College, 
Temple U., Curriculum Laboratory, 1954, $.2.5. 

“Free and Inexpensive Teaching Materials For Science Education,” M. Beuschlein 
and J. Sanders, Chicago Schools Journal, vol. 34, Nos. 5, 6, 1953 (available as 
reprint) . 

Conservation Teaching Aids, Michigan Dept. Conservation, Education Division, 
1951. 

Catalog of Man and Nature Publications, Amef. Museum Natural History, New 
York, 24. 

Health Materials and Resources for Oregon Teachers, State Dept. Education, 
Salem, Ore,, 1955. 

1001 Voliiflhle Things Free, 2d ed., M. Weisinger, Bantam Books, New York, 1957. 

A Wonderful World far Children (free and inexpensive materials), P. Cardozo, 
Bantam Books, New York, 1956. 

General Motors Aids to Educators, General Motors Corp., 1956. 

Catalog of Free Educational Material on the Banana and Related Subjects, 
United Fruit Company, Educational Service Dept., Pier 3, North River, New 
York, 6. 

Choosing Free Materials for Use in the Schools, Amer. Assoc, of School Ad- 
ministrators, N.E.A., 1201 16lh Street N. W., Washington 6, D. C., 1955, $.50. 

Using Free Materials in the Classroom, Association Supervision and Curriculum 
Development, N.E.A., 1201 16 St N. W., Washington 6, D. C., 1953, $.75. 

Sponsor Handbook: Thousands of Science Projects, Science Service, 1719 St. 
N. W., Washington 0, D. C., 1957, $.25. 

Teaching Aids, Westingliouse Electrical Corp., School Service, 306 4th Ave., 
Pittsburgh 30. 

Hobby Pi^lications, Superintendent of Documents, U. S. Govt. Printing Office, 
Washington 25, D. C. 
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Biology: 

criteria for selecting content of, 389 
development of, 82-83 
facilities for, 589-590 
in siv-year sequence, 404, 400 
lesson plan, 347 

organization on basis of field experi- 
ences, 159-100, 402 
stains of, in schools, 60, 81-83 
unit plan, 360-361 
Blackboard (see Chalkboard) 

Books ( see Reading materials. Textbooks) 
Book reviews: 

for developing communication skills, 
485-4S6 

for encouraging reading, 469 
helping pupils present, 485-486 
Bronx High School of Science, 92-94 I 

Bulletin board: 

fitting into program, 213 
function, 189. 213 
in classroom library, 475 
in science classroom, 584 
maintenance as club project, 558 
pupil maintenance of, 213 

C.tn]ping, school, 180 
contributions of, 180 
program of a science camp, 181 
Cartoons in notebooks, 237, 238 
Cases, display, 214*215 
Catenary, applying in science program. 

Centigrade scale, tcaclilng, 522-523 
ClwlkboarJ: 

as a visual aid, 189 
using effectively, 215-210 
Challenges to science education, 94-97 
Charts, 205 

advantages of, 205 
a> a visual aid, 189 
\ivnv\a\vouv of, -lyS 
making, 207 
using, 205. 206 
Chemistry . 

criticisms of, 83 

m su-year scqucncx:, 404, 40Q 

irvso if p l.'^n. 330 

uevvl for reorga nizat ion. 85-80 

range of pupils in, 32-30 

status cf, 79-81 

leatliing fonuuUs and svvnlxils in, 471- 
473 

Cwclr. teaching projx-rlies of, 517 
Clippmg», using, 204, 213 
^hibs. scuncr. 348-504 
f club projects, 357-539 


exmbibutions of, 309, 548 
examples of, 559-563 
organizing a new club, 549-553 
pumning a meeting, 556 
planning a program, 553-557 
types of clubs, 550, 559-563 
CoUege Board Examinations, influence of, 
in high school science courses, 81 
Communication skills, improving, 478-499 
(see also Reading) 
as objective for science program, 318 
brief oral reports, 483-484 
class secretary, 495-496 
contributuins of science program, 14-15 
group presentations, 488-487 
group secretary, 438 
helping pupils write, 492-494 
major writing projects, 497-499 
minor writing experiences, 494-497 
nature diary, 496 

oral book and film reviews, 485-480 
oral presentations, 4S2-492 
oral reports of major projects, 484-485 
plays and assembly programs, 4S7-489 
play writing, 498-499 
poetry writing, 499 

radio and television programs, 489-492 
records of observations, 497 
role of notebooks, 231, 239 
story writing, 499 
vocabulary development, 478-482 
writing experiences, 492-499 
writing la^ls and captions, 494-495 
Community resources: 

as factor in determining course content, 
390-391 

inventorying, for field experiences, 160- 
161 

mventorying, for program planning, 390- 
391 

using home and community libraries, 
465 

Completion drawing test items, 274 
CompleHon test items, 275 
Conferences for identifying abilities and 
interests: 

with other teaclieis, 43(M32 
with pupils, 430 

Conferences, professional, for teachers, 604 
Conpxsses, science, 5C5-578 
(see also Fairs, science) 

Conservation education: 
as an objective, 317-318 
need for more, 14, 05 
Consunwr education, 14,316-318 
Content selection for science courses: 
consideration for intrinsic worth, 390 



<532 


Index 


Educational opportunities toi all: 
need for, 94 
providing, 429-455 
Educational Policies Commission, 88 
Elective sciences, 79-88 
biology, 79, 80-83 
chemistry, 79, 80, 85-86 
earth science, 75, 88 
in six-year sequence, 403-409 
Olliers, 79, 86-88 
physics, 79, 80, 83-85 
range of pupils in, 31-37 
Elementary science: 

basing six-year sequence on, 403 
major objectives of, 73-74 
program in, 74-73 

Ellipse, applying properties of, 517-518 
Equations: 

developing, 323-524 
using graphs of, 524-523 
Equipment, science: 

Dudget for, 596-597 
caring for, as a club project, 559 
inventorying, as a club project, 558 
keeping an inventory, 595-596 
ordering and maintaining, 595-599 
storage of, 585-586 
•ftlicm to order, 598 
where to order. 597-598 
Errors, common, affecting data, 526-527 
/Evaluating: 

library research projects, 420 
projects, 420, 546 
pupil demonstrations, 420 
pupil learnings, 266-268, 410-426 
teaching effectiveness, 268-269, 269-291 
Exercises, laboratory, 105-106 
Experiences: 

developing background of, 12-13 
firsthand, nature o£, 45 
firsthand, versus vicarious, 47-50 
importance of firsthand, in science pro- 
gram, 47 

importance of, in learning, 45-50 
inicntory of background, in unit plan- 
ning. 353. 366-377 

planning firsthand experiences, 367-368 
planning vicarious experiences, 368 
range of background of, 29-31 
recall of past, 46 

vicarious experiences, nature of, 46 
Experimentation, pupil, 101-126 
contributions ol, 17. 108, 312 
givmg directions for, 110.112 
grouping for, 1 16, 432-438 
individualized expenments, 119-124 
441-444, 448 


laboratory manuals, 124-126 
original research, 122-124, 445, 454 
providing materials for, 112-116 
recordkeeping, 117-118 
teachers role during, 116 
Experiments: 

controlled, 103-105 
nature of, 102-105 
Experimental method, 102-103 
Explanation questions, short, 275 

Facilities, room, 579-599 
design of new, 579-586 
for biolo^, 589-590 
for darkroom, 591-592 
for general science, 587-589 
for growing plants, 590 
for pbysiciu science, 590 
for project work, 540-S42 
improving, for existing situations, 592- 
594 

laboratory, 593-594 
storage, 541, 585-5S7 
Facts, teaching, 44-54 
Fairs, science, 565-578 
awards, 572-573, 575-5T6 
committees for, 570 
contributions, 565-567 
development, 567-569 
examples of, 574-576 
financing, 569-570, 576 
I judging, 572, 575-576 
organizing, ^9-576 
planning a fair, 571-573 
sUnvulatmg entiles, 576-577 
Field experiences, 151-183 

adapting the program for, 159-160 
administration of, 160-163 
and the senses, 153-154 
applying psychology to, 164-167 
as follow-up experiences, 157 
broadcnuigopportunitics for, 173-181 
centering instructions around, 156-157 
complex studies during, 167-168 
conducting, 163-173 
considering problems for, 165 
course of study based on, 158-159, 402 
follovv-up activities for, 172-173 
for review and drill, 54, 158 
lor science clubs, 176-177, 555, 562 
for setting problems, 154 
grouping during, 163-164, 166 
importance in planning, 367 
optional, 173-lBO 
planning for, 163-173 
preparing pupils for, 167-171 
special conlnimtioiis of, 152-153 
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Field experiences (Conf.) 
sponsors for, 176 
suggestions for, 161 
supervision of, 163-164 
surveying resources for, 160 
teacher’s role during, 171-172 
to follow up laboratory work, 157 
to industrial plants, 168-170 
to museums, 170 

unexpected opportunities during, 171 - 

units based on, 156-157 
units built around, 159-160 
use of flow diagrams for, 170 
work sheets for use by pupils durine 
169-170 ^ 

Figures, tliree dimensional, teaching prop- 
erties of, 520-521 

^^^ 52*7 teacliing use of, 525- 

Films. educaUonal, 191-198 
building into lesson plans. 333, 334, 340, 
346-347 

follow-up after showing, 195 

for setting problems, 192 

for summarization and review, 192 | 

functions of educational, 191-193 

individual showings, 196 

preparing pupils for showing of, 193 

preparing to use, 193 

previewing, 193 

selecting films, 196-197 

showing, 193 

supplementing firsthand experiences, 

191-192 

use in overviesving unit, 191 
using amateur, 197-198 
using for clubs, 553-555 
using manual, 193 
Filmstrips, 198-202 
building a library of, 202 
using, 199-201 
Filmstrip projectors, 189 
Film reviews, for developing coimnunica- 
tion skills, 485-486 
Forest Hills Honors Program, 91-92 
Formulas, developing, 523-524 

Gardens, school, 177 
Generalizations: 
as objectives, 299-302, 337, 357 
teaching, 54-61 
General science: 

building a program, 391-392 

development of, 75-78 

facilities for, 587-589 

for pupils of high academic ability, -ivt 


pupils of low academic ability, 407- 

in six-year sequence, 404-408 
New York State Svllabus, 391-392 405 
408 

objectives of, 75-78 
range of pupils in, 20-31 
resource unit plan, 362-363 
status in curriculum, 75-78, 79 
General skills, dev eloping of. 65 
Gifted pupils in science, 
adapting regular programs in providing 
for, 89-91 

a high school for, 92-94 
an “honors” program for, 91-92 
caring for, in heterogeneous groups, 445 
caring for, in homogeneous groups, 

^ 448-449 
“double-track” programs for, 406-407 
identifj-ing, 451-452 
projects for, 92, 531 
provisions for, 88-94 
selection of, for special programs, 452- 
453 

setting up special programs for, 451-454 
techniques providing for, 90*91 
Coals of educaUon, 5 
(see also Objectives) 

Grades: 

construction of tests for, 267-268 
deicnnmation of, 421-425 
importance of grades, 421 
stand.-irdized tests and grades, 293 
Craplis: 

as records of experiments, 117 
facilities for making in laboratory 
manuals, 125 

facilities for making on clialklxiards, 

216 

helping pupils with, 514-515 
Croup activities: 

considerations in grouping, 433-434 

contnbulions of grouping, 15, 307, 433 

dctjclied groups, 434-4^ 

group project work, 534 

group reading assignments, 464, 468 

grouping for field work, 105- 1 66 

oral presentations of groups, 4S6-487 

reading specialist, 465 

setting up groups of more than two, 

436-438 

simple pairinp, 43.5-430 
size of group for laboratory work, 110 
Croups, hftcrogentxius: 
providing for gifted in, 4 M-i t5 
leUrdetl reader in, 445-1 10 
tlic dullard in, 4 iO-4 17 
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CroupjnE, homogeneous: 
basis for, 27 

range of pupils in, 27, 448-449 
science programs for high level sec- 
tions, 448-449 

science programs for low level sections, 
449-451 

Grouping test items, 277-278 
Growth, professional, of teacher 
(sec Professional growth) 


Helix, applications of, 521 
Hexagon, applying in science, 517 
Hobbies, science: 

as objective of science program. 317 
value of teacher hobbies, 607 
value to pupils, 12. 317 
Homework (see Assignments) 

Human body, knowledge of, «s objective 
of science program, 13. 309 


Identification test items. 270-271 
Illustrations, textbook: 
factor in choosing textbook, 228 
using. 223-224 

Independent uork (see Instruction, indi- 
vidualized ) 

Individualized instruction (see Instruc- 
tion, Individualized ) 

Inductive thinking, Ifl, 55-56 
Instruction, individualized, 43S-444 
in the laboratory, 119-124 
providing for, 438-444 
special units for, 371-374 
Instruction, mass, fallacy of, 94 
Interests: 

devel^nient of, as objective, 12 
identifying, 429-432 


Laboratory experiences, 101-126 
basing cotir.se of study on, 402 
coiitnbutions of, 106-107 
experiments versus exercises, 105 
giving directions for, 110-112 
grouping for, 115-116 
uidividiializing laboratory work, 119-124 
nature of, 102-107 

prepared direction sheets for, 111-112 
providing materials for, 112-115 
providing unifonn, 107-119 
reexard keeping, 117-118 
selecting, 107-110 
statidarilized, 106 

using books for suggestions for, 112-113 


Laboratory manuals, 124-126 
activities proposed in, 125 
as time savers, 125 
for beginning teachers, 125-126 
jnstifications for use of, 125 
limitations, 125 
pupil reaction to, 125 
L^Mratories: 
outdoor, 154-156 
wildlife, 177-180 

Language, as a teaching aid, 242-262 
a^ing questions, 247-253 
controlling question-answer situations, 
251-253 

giving directions, 243-244 
guest speakers, 245-247 
leading questions, 249 
lecturing, 244-245 
pupil-led discussions, 260-262 
teacher presentations, 242-247 
teclmiques for leading discussions, 25S- 
260 

using discussions, 253-257 
Language skills (see Communication 
skills) 

Learning, 38-70 

os measured by tests, 266-26S, 421 
beginning of, 44-45 
from point of view of learner, 39 
importance of activities, 329-331 
importance of drill in, ^ 
importance of experiences in, 44-50 
importance of review in, 53-54 
importance of summarization in, 52-53 
levels of, 51-52 
motivabon for, 41-44 
I planning for, in a lesson, 329-332 
planning for. in a unit, 352-356 
subject matter, 10, 13, 40, 44-54 
'verbalization of, 50-51 
Lecture method, 244-245 
k*r«in.qInac>,'5i.’i-7^ 

activity approach to, 329-334 
analysis of some, 343-350 
analyzing performance of, 322-329 
anticipating pupil behavior, 329 
clioosing activities to produce learnings, 
329-332 

consideration for control, 332-334 
cstablishmg objectives, 337 
examples of, 336, 345. 347, 349 
fomi for, 335-337 

importance of transition intervals, 339- 
341 

influence of, on pupil beliavior, 322-329 
making assignments in, 341-343 
organizing, 337-338 
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Lesson plans (Cont.) 
over-planning, 338-339 
using, 343 

value of a schedule, 335 
when to write, 334-335 
Libraries: 

establishing a classroom library, 473-477 

pupil research projects in, 420 

using classroom, 474 

using community, 465-466 

using home, 465-466 

using school, 465 

value of classroom, 473-475 


Machines, duplicating, 189 
Manuals, laboratory, 124-126 
Manuals, use of film, 193 
Maps; 

helping pupils understand contours, 
513-514 

making, 512-514 
reading, 512-513 
unit for making, 379-380 
Matching test items, 277 
Mathematics in the science program, 500- 
528 

checking techniques, 527-528 
common errors found in data, 526-527 
making descriptive sciences quantitative, 

503-521 

readiness for mathematics, 502 
skills to be expected of pupils. 501-503 
typical mathematics program in grades 
1 to 8, 504-505 

using mathematics realistically, 522-528 
variation in aptitude, 501 
Measurements, teaching, 511-512,522 
Metric system, 511-512, 522 
Micro-projector, 147 
Models: 

as projects, 535 

choosing, for classroom use, 207-208 

limitations of, 183 

making, 209 

plaster of Paris, 209 

uses of, 184-187 

using, 208 

Motivation: in- 

provision for, in unit planning, 3o3, obJ- 
365 

role in learning, 41-44 
using tests for, 265-266, 267 
Motor skills, developing. 61-03 


Name association test items, 271--^^ 
National Society for the Study of Educa- 
tion, Thirty-first Yearbook; 


influence on biology, 82 
influence on general science, 77-78 
major generalizations in, 300-301 
Newspapers . 

help in gaining recognition for projects, 
545 

promotion for science fairs, 570, 571 
science column as club project, 558 
tt'riting for school, 496 
Notebooks, science, 231-239 
basic, 235 

for summarization. 53, 368 
functions of, 231-234 
grades for, 239 
optional work for, 238 
providing for, 234 
recognition for, 238-239 
supplementing basic. 237 
Nurnwr concepts, strengthening, 506-508 


Objectives for science teaching, 297-320 
for a science lesson, 337 
for a unit, 35S 
for demonstrations, 138-140 
general education objectives, 306-319 
long and short range, 298 
major generalizations as obJccti>’es, 300* 
301 


pupil, 40-41, 305 
setting long range, 299-302 
setting short range, 302-304 
sources of suggestions for setting long 
range, 299-301 
subject matter, 298-305 
teacher, 40-41, 305 
Opaque projector: 

use in demonstrations, 148 
use in making charts, 207 
use with pictures, 189 
Oral reading: 
of reports, 485 
to encourage reading, 465 
Ovpr-nlanninC. 338-339 


Pegboards, 214 
ft:rcentage, tcacliing, 509-310 
Performance test items, 270 
Personal data card, 430-431 , . , , 

Personality dcselopmcnt as objccUse ot sci- 
ence program, 10, 311 
Plionograplis, 190 
rhonograpli records: 
liiuitatiuns, 189 
types 190 
uses, 184-186 
using. 210-211 
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Photographs: 

contributions, 184-186 
for testing, 272-2T3 
limitations, 49-50, 187-188 
teacher-made, 203-204 
using, 204 

Photographic eq^iiipment for darkroom, 591- 
592 

Physical science course, 87 
in six-year sequence, 4QG-4Q7 
room facilities for, 590 
status of, 79, 87 
Physics; 

in six-year sequence, 404, 406-407 
inadequacy of, 84 
lesson plan, 349 
range of pupils in, 31-37 
status of, 79, SO, 83-85 
textbook leading level, 225 
unpopulanty of. 84-85 
Pictures, flat, 203 
contributions, 184-186 
Sle, 203 

limitations, 49, 187-188 
using, 203-206 
Picture test Items, 272-273 
Flays, science: 

for developing communication skills, 487- 
489 

writing, to develop writing skills, 498- 

499 ft. 

Pre&dolcscents; 
characteristics of, 22 
consideration for, In grouping, 433 
in. general science, 20-24 
Presentations, oral: 
by pupils. 482-492 
by teacher, 242-245 
Pretests, 263-266, 267 

example of, to introduce unit, 267 
for iniUating discussions, 265 
for motivation, 263 
formal, 264-265 
Principles, teaching, 54-61 
Problem solving. 

and major problem” organization, 399- 
402 

as an objective, 314-315 
by pupil-teacher planning, 374-377 
importance of prattice, 15-16 
in field studies. 154, 167-173 
in laboratory uork, 106-107 108-109. 
U9-124 

providing practice, 314-315 
use of reading materials, 457, 461 
using films for. 192 

with demonstrations, 128, 129, 140-143 


Professional growth of science teacher, 600- 
608 

graduate study, 601-602 
hobbies, 607 
in-sen’ice training, 608 
membership in professional organiza- 
tions, 604 

professional reading, 603 
professional writing, 604-605 
research, 607-608 
summer employment, 607 
travel, 806 

Programs, assembly (see Assembly pro- 
grams) 

Program building, 381-408 
b^ed on a textbook, 381-386 
based on established course of study, 
386-388 

dangers of superficiality, 393-395 
double and triple track programs, 406- 
409 

example of a general science program, 
403 

objectives for, 297-319 
organizing content of, 395-402 
selecting content for, 388-395 
setting up a six-tear sequence, 403- 
409 

special program for low-level sections, 
406-408, 449-451 

special programs for gifted, 91'92, 92- 
94, 448-449. 451-454 

Projects, 529-547 
contributions of, 17, 532-533 
definidon of, 530 
displaying projecU. 544-546 
evaluating, 420, 546 
facilities for, 540-542 
fitting into program, 537-539 
for science clubs, 557-559 
grading, 546 
ideas for. 536-537 
initiating work on, 533-537 
oral reports of. 484-485 
project nietliod, 530-533 
project unit, 377-379 
reporting pupil, 543-544 
science fait, 575 
special rooms for, 541-542 
xvbo should work on, 530-531 
written reports of, 497-499, 544 

Pimectors; 
mmstnp, 169 
movuig picture, 189, 193 
opaque, 148, 189, 207 
slide. 189 

Pupil ob^Uves (see Objectives) 
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Qiicslions: 

controllinj; (iiieslion-answcr situations, 
251-253 

fallacy of leading, 2-48'249 
fonmilaling ora), 249-251 
handling irrelevant, 462 
in textbooks, 219 
oral questioning, 247-253 
Questionnaire, personal data, for identify- 
ing interests, 431 


Radio programs in science, 489-492 
preparing, as club projects, 562 
preparing pupil, 489-492 
using, 2II, 212 

Rapid Jeanier (sec Gifted pupils ) 

Ratios, teaching, in the science program, 
510-511.512 

Readiness in mathematics, 502 
Reading in science, 456-477 

as a primary source of information, 459- 
460 

book reports, 469 
browsing, 468 
causes of retardation, 28-29 
characteristics of reading materials, 457- 
458 

developing tlie classroom library, 474- 
477 

developing vocabulary, 478-482 
encouraging, 456-477 
facilities to encourage, 473-477 
for low level sections, 449-451 
function of reading materials in science, > 
457-458, 459-463 
roup reading assignments, 464 
elping retarded readers in heteroge- 
neous groups, 445-446 
helping retarded readers with textbooks, 
225-226 

in learning process, 46-51 
limitations of reading materials, 49, 458 
limitations of pupils, 459 
oral reading, 465 

preparing uniform assignments, 222-223, 
463 

procuring reading materials, 475-477 
providing time for, 468 
range of reading ability in elective sci- 
ences, 36-37 

range of reading ability in general sci- 
ence, 28-29 
reading projects, 468 
reading recitation techniques, 221-222 
reading specialist, in group work, 465 
science fiction, 469-470 


selecting reading materials, 475-477 
special reading skills, 470-473 
stimulating pupil, 466-469 
textbooks, 218-230 
to answer irrelevant questions, 462 
to follow direct experiences, 460-461 
to follow up discussions, 461 
to provide for individual differences. 
462-463 

to set problems, 481 
to suggest activities, 461-462 
using a variety of assignments, 463-464 
using home and community libraries, 
465-466 

using school libraries, 465 
using the classroom library, 475-477 
voluntary assignments, 464 
Recognition test items, 271 
Recognition test items, modified, 272 
Record book, teacher’s. 422-425 
Recording data; 

by group secretary, 166, 436-438, 495- 
497 

in laboratory manuals, 125 
in notebooks, 231-238 
in workbooks, 239 
labeled diagrams, 117 
on worksheets, 117, 109, 235 
simple, 117 
with graphs, 117 
with tables, 117 

Recording equipment, 289, 210-212 
Recordings, tape, 190, 210-212, 490 
Records, phonograph, 210, 211 
Records, using counseling, 430 
Reflective thinking, in learning process, 62- 
63 

Reports: 
book, 469 
oral, 469, 482-486 
project, 543, 544 
written, 497-498. 544 

Research, basic, need of scientists for, 

97 

Resource unit, 359 {see also Unit-teach- 
ing) 

Retarded readers: 

causes of retardation, 28-29 
helping, in heterogeneous groupings, 
445-446 

helping, in low level sections, 449-451 
helping, with textbook, 225-226 
nature of, 28-29 
value of science program to, 15 
Review: 

as part of daily lessons, 337 
function of, 53-54 
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Review {Cant.) 

one element of teaehing unit, 352 

proNision for, in a unit, 355, 369-370 

using charts for. 206 

using demonstrations for, 128 

using discussions for, 257 

using field trips for, 158 

using films for, 192 

using notebooVs for, 231 

using slides for, 201 

using tests for, 266 

using textbooks for, 224 


Scales, teaching. 512 
and scale drawings, 512-514 
Schools, function of, 5-6 
Science camp, 180-181 
^tJonce clubs (see Clubs, science) 

Science education, challenges to, 94-97 
Science electives (see Elective sciences) 
Science fairs (sec Fairs, science) 

Science fiction, 469-470 
Science program, 2-18 
attributes of, 11-18 
contributions of. 7-11 
individual responsibilities to, 5 
making the most of, 428-609 
objectives of, 207-320 
obligations to society, 6-7 
tesponsilnUtiCK of, 5-7 
role in democracy. 6-7 
Science programs, 71-98 
biology, 81-83 

building a, around generalizations, 77- 
78 

clullengcs, 94-97 
chemistry, 85-88 
elective sciences, 79-88 
clcinciitary science, 73-75 
general science. 75-78 
minor clcctivcs, SG-8S 
pallt-ms oI,7\-73 
pliysics, 83-83 

special programs for gifted, 88-94 
status of. 79, SO 

Sciciicx' programs, builduig (see Frogram 
building) 

Si icnec rooms ( see Facilities ) 

SiK-ncc Talent Search, 88, 93, Sfig 
Scientific advances, nt-cd for in/onninc 
public of, 93 

Siientifie inctJiod. the cspcruncntal nveUwd 
15-10, 58-59. 102-103 
Scs, knowledge of. 
a* objixiivc for science! program, 310 
nixd for, 13, 310 


Skills: 

academic. 14, 63-65, 318-319 
artistic, 17 

as outcomes of science program, 10, 
308 

communication skills, 478-499 
evaluating, 270, 421 
general skills, 85 
manipulative, 15, 17 
motor skills, developing, 61-63 
social, IS 
Slides. 198-203 

building a library of, 202 
handmade, 203 

making slides by photography, 202 
using, 199-202 
Slide projectors, 189 
Sociograms, 432 

Speakers, use of, in science programs, 245- 

247 

Spirals, study of, in science, 517'518 
Standardized tests, 292-293 
lunitations of, 293 
uses of, 293 
Standards, 410-426 
composite, 413-414 

encouraging work beyond minimum, 
417-419 

for heterogeneous groups, 413-416 
maintaining. 416 

making grades consistent with, 421-425 
maximum, 411-412 
minimum, 412-413 
multiple, 413 

setting minimum standards. 414-416 
Stereoscopic vaevvers, 189, 204 
Subject matter, dual function of, 10, 11 
Subject matter objectives (see Objectives) 
Suminarizatian: 

as element in teaching unit, 353 
for denvonstralions, 138 
for experiments, 118 
for field trips, 172 
need for, 53 

providing for, in lesson plans, 338 
providing for, in unit plan, 355, 368 
use of charts for, 53, 185 
use of discussion for, 52, 53, 257 
use of films for, 185, 192 
use of models in, 53 
uveof notebooks for, 53, 231, 230 
use of projects for, 368 
I vxvc o{ textbooks fox, 53, 224 


Tables, display, 215 
Talent Search, 88, 93, 569 
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Talented pupils in science {see Gifted 
pupils) 

Tape recordings, 185, 186, 210-211 
building a library, 210-212 
tape recorders, 190 
using, 210-212, 490 
Technicians, need for, 96-97 
Television programs: 
preparation, 489-492 
use, 212 
Tests, 263-293 
administering, 283-285 
after a film, 195 
analyzing results of, 289-291 
as part of a teaching unit, 355-356, 370 
checking and scoring, 285-28S 
devices for rapid scoring of, 286-287 
for evaluating teaching eflfectiveness, 
268-269 

for individualized instruction, 440-441 

for low level sections, 451 

for motivation, 265-266, 267 

for previews, 263-265, 366-367 

for review and drill, 266 

for testing pupil achievement, 266-268 

limitations of, 268 

planning for. in daily lessons, 333, 334, 
337, 341 

scores of, Included in grades, 421-424 
standardized, 292-293 
types of test items, 269-280 
uses of, 203-269 

using, for maintaining standards, 415, 
419 


writing, 281-283 / 

Textbooks, science, 219-23o 
^ adapting, to local situation, 383-386 
as a course of study, 382 
choosing, 226-230 

( considerations in use of, 220 
factors to consider in, 227-229 
factors unimportant in choosing, 229 
helping retarded readers with, 225-226 
lesson based on, 224-225 
limitations as course of stiulv. 3 82-383 
pupil presentation ot, 222 
reading assignments in, 222, 223 
reading recitation tccjiniqucs using, 221- 

scorc card evaluation, 230 

selecting a basic, 383 

stnicturc and function of, 219 

using as reference, 224 \J 

using for suininary and res iew, 224 

using historical and biographical skclclies 


in, 224 


using illustrations in, 223 


using suggestions for demonstrations in, 
223 

using unit introductions in, 220, 221 

Vogel’s Spot Check Scale in choos- 
ing. 230, 232-233 
Theories, teaching of, 55, 59-61 
Tools, shop, for science teaching, 598, 599 
Transition intervals, planning, 339-341 
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encyclopedias, and use imagination to provide the incidents. They can 
also find a svealth of detail in biographical accounts, much of which 
is dramatic enough to be set directly in play form. 

Occasionally science plays are published in education journals; 
titles may be found in the Education Index. School Science and Mathe- 
matics can furnish reprints of some of these. 

The preparation of science programs for all-school assemblies pro- 
vides unusual learning opportunities for pupils. The planning process, 
as ideas are proposed, discussed, and judged, is richly rewarding. 
Ingenuity is challenged during the preparation of properties, scenery 
and special effects. Production and presentation provide experiences 
not afforded by regular classroom work. Some teachers feel justified 
in making the preparation of an assembly program the equivalent of 
a regular unit of study. 

Programs made up of a number of short features— skits, talks, demon- 
strations, novelty acts, tableaux and the like— are relatively simple to 
produce. Kesponsibilities can be apportioned among several groups 
of pupils to permit full participation. Two or more teachers can divide 
up the direction more easily. 

The five biology sections of the Alexander Hamilton High School presented 
ten tableaux, or living pictures, called '“Great Moments in Medicine." 
Among the scenes pictured were the first vaccination, the first use of an- 
tiseptic surgery, and the first use of an anesthetic. Narrators explained the 
importance of each scene. 

A run-down sheet of the type shown below is helpful in planning 
and producing programs made up of many short features. 

Run-down sheet for assembly program on airplane fiight 
Scene I 

1. Recording of flight sounds. Lights up. Curtain up 

2. Announcement of purpose of program 

3. Demonstrations of Bernoulli s principle— Shadow projection 

4. Demonstration of lifting effect on wing section 

5. Projection of slides showing pressure distribution on wings 

6. Flight of rubber-band powered model 

7. Curtain 
Scene II 

1. Flight sounds. Li^ts up. Curtain up 

2. Demonstrations of rotational axes of airplane 

3. Demonstration of effects of wind on control surfaces of models 

4. Demonstration of large skeleton model showing how pilot moves 
conh'ol surfaces 

5. Demonstration in center of auditorium of flight of controllable 
model 

6. Curtain 
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Scene III 

1. Flight sounds. Curtain up. Back drops part 

2. Demonstration of action of "Link Trainer” model built by boys 

3. Recording “The Air Force Song.” Final curtain 

The run-down sheet states the unifying theme and shows the sequence. 
It guides stage managers, electricians, property men, and the director 
or directors. It becomes the basis for the program given to the 
audience. 

All programs should be planned with the nature of the adolescent 
audience in mind. Action should be fast paced; there should be no 
long lapses. Suspense is essential, with a gradual building up towards 
the final climax. Comic relief can be provided by inserting comedy 
scenes or by using a clown who stumbles around parodying serious 
members of the cast and getting in everyone’s way except at critical 
moments. 

Television and radio programs. Much that has been said about as- 
sembly programs applies to television programs. Many of the same 
benefits to the participants can be expected, although television pro- 
gram directors do not usually permit pupils to make as many decisions 
as would be allowed in the production of programs for school audi- 
ences. 

As with assembly programs, action should be rapid; at all times 
there should be something going on for the cameras to pick up. Em- 
phasis should be put on spectacular demonstrations, the display of 
active animals, and the like; dialogue should be minimized. Humor is 
always an asset. 

Television has certain advantages in the production of science pro- 
grams. Through the medium of the long focus lens the audience can 
be brought close to demonstrations, a fact that permits the use of 
smaller materials than can be used in auditoriums where visibility is 
always a problem. A television program director can also send a 
camera man away from the studio to film special scenes that can be 
woven into the program; these are silent but can be given meaning by 
a narrator. 

As with assembly programs, three or four short skits are easier to pro- 
duce than one long feature, and they permit more pupils to partici- 
pate both as actors and property men. A run-down sheet is helpful in 
holding the program together and may be required by the television 
program director. 

Radio programs are relatively more difficult to produce effectively 
than television programs. Tlirough words alone the audience must 
be given a picture of what is going on. This limits science programs 
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to materials familiar to the audience. Reference to the sour taste of a 
lemon, the “lightness” of cork, and the feel of wool are immediately 
intelligible. But no amount of description can give a meaningful pic- 
ture of a Bunsen burner or a Florence flask to the adult with no train- 
ing in science. 



Television, radio, and assembUj programs based on science subjects can be 
of interest to any audience and at the same time give the participants excel- 
lent practice in writing and producing the program. Television has the added 
advantage of making experiments with small scale materials readiltj visible. 


The problem of identifying participants is equally difficult. Since 
voice quality is the only recognizable characteristic a few participants 
with unlike voices should be used; two boys and two girls make a 
good balance, with perhaps an adidt voice added if necessary for the 
action. The audience can be helped in identification of voices by the 
freqMevit \ise of names as ibe paiticiparAs address each olber. 

Though most of the action must be implied by the words of the 
participants, a narrator may be used to describe what is going on. 
His voice should be different and he should speak in a more delib- 
erate fashion so that he is easily identified when he breaks into the 
program. 

Pupils love sound effects, but these are not easy to build into the 
program. Many things do not sound on the air as they do in actuality. 
Commonly they must be identified for the listener, and timing is always 
important. If the program can be taped in advance, pupils will have 
opportunities to experiment and discard sound effects that are not 
suitable. 
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Participants in radio programs work from scripts tlint permit close 
control of the situation. However, there is danger that as pupils read 
these scripts naturalness >\’ill l>e lost To avoid this it is \veli to give 
the participants only short sentences, phrases and exclamations to 
read. Rarely should one person have a line of more than one short 
sentence. Sentences containing dependent clauses should be broken 
into two separate sentences and assigned to different individuals. 
Even poor readers, who benefit greatly from such experiences, can 
participate with tl)is type of script. A portion of a science radio pro- 
gram script illustrating some of the points made above is shown below. 
Note the short direct sentences, each expressing a single idea, and note 
the distribution of the lines among the participants. These devices 
make reading easier, give an effect of spontaneity, and help maintain 
listener attention through constant change of voice and manner of 
delivery. 


Teacher: 

Dixie: 

Bill: 

Dave: 

Bill: 

Dave: 

Teacher: 

Dave: 

Bill: 

Dixie: 

Teacher: 

Karen: 

Teacher: 

Bill: 

Teacher: 

Bill: 

Dave: 

Teacher: 


Dixie: 

Karen: 

Teacher: 

Bill: 

Teacher: 

Dave; 


You pick out something this time, Dixie. Shut your eyes and 
reach in the bo.x. 

(Short pause): Hcrel 
It looks like a can. 

I know wliat it is. It’s a “Come-back.” 

What’s that? 

You roll it along the floor. Pretty soon it stops and rolls rigJit 
back to you. 

Show us, Dave. 

(Pause) : All right. Now watch. See it rolls right back to me. 
I see. That’s why it’s called a “come-back.” 

What makes it work? 

I think I can show you. This end pulls off. 

There’s just a rubber band and something hanging on it. 
That’s a weight hanging on the rubber band, Karen. 

Let’s see. When you roll it 

OhI I understand. When you loll it the rubber band twists up. 
Here, Bill. See if you can show us. 

See, when I turn the can the weight winds up tlie rubber 
band. 

Then the rubber band unwinds and makes the toy came back 
to us. 

We could say that energy is stored in the rubber band, 
couldn’t we? 

Why, yes. That’s where it is stored. 

Where is it stored in the toy automobile? 

Did you ever see one taken apart? 

Yes, I have. There's a spring in there. 

So the energy is stored in the spring. 

There’s a spring in the clock, too. 


Some science radio programs may be of the panel type. These are 
useful in describing field work, visitations and special events. An ill- 
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terviewer may ask questions of the panel or a moderator may direct 
the conversation. For this sort of program “skeleton” scripts may be 
sufficient. The following “skeleton” script was written for one of a 
series of radio programs reporting the field observations of a science 
class. The key words or phrases guide each participant but allow him 
to express himself in his own way. 

Mr. Baker— A week ago on this program we told about our first field trip 
at five below zero. \Ve didn’t do any better this time, did 
we, Miss Miller? 

Anne -Colder. 

Joe —About the same on the Irip-colder night before. 

Jack —More animal signs seen. 

Terry —Have interest in tracks. \Vlial kinds? 

Jack —Name four. 

Anne —Name some more. 

Terry —Bird tracks seen. 

Joe -Surprised at blue heron. 

Mr. Baker— Sees one or more tracks yearly. Not common. 

MORE AND BETTER WRlTiNC 

Secondary school pupils are notoriously reluctant to write. Few of 
them write for pleasure. Most do only such writing as is required. 
Some write only under duress. 

Skill in writing is too important to be ignored by science teachers. 
Tliey share with all other teachers the obligation to help pupils develop 
this skill. Sometimes, science teachers are best situated to provide the 
needed stimulus. 

Encouraging pupils to write. By the time a pupil has reached the 
secondary school he has gained sufficient word power and writing 
skill to express himself on paper. He may, and probably does, write 
with a scrawl. He may misspell words. He may break rules of grammar 
or omit punctuation marks. But he can convey his thoughts to a 
reader. 

This pupil has the ability to use writing for communication, which 
after all is the principal function of writing. Admittedly, he is uncon- 
scious of certain refinements that make communication easier, but 
this represents lack of experience, not incompetence. He needs prac- 
tice, not in the narrow sense of the term, but through purposeful 
writing experiences. 

The briefer forms of communication, such as labels and captions, 
are apt to go unnoticed in the search for valuable writing experiences. 
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Actually, brief communications give excellent practice with words 
and terse expressions. Best of all, pupils are able to judge the effective- 
ness of their own writing and make improvements when needed. 

More extensive writing projects for the science program may be 
suggested in unlimited numbers, but pupils do not always undertake 
them willingly. For years they have been compelled to write and re- 
write 2^apers destined only for the ash can. They no longer feel pleas- 
ure in writing to express themselves. The science teacher must use 
special efforts to establish a strong sense of purpose in his pupils. 

Pupils usually see the advantage of supplementing an exhibit with 
a short paragraph or so. When they have exerted themselves in inde- 
pendent research— field ^vork, original experimentation, and the like, 
they recognize the need for reports. They like the prestige that comes 
with preparing notes for publication. They can be challenged by 
such group projects as play writing. 



The preparation of labels for an exhibit represents a valuable writing experi- 
ence. This boy has had practice in concise writing, in organization of ideas, 
and in the mechanics of printing. Some pupils loho would not otherwise en- 
gage in written communication will prepare labels diligently. 


The teacher can give a great deal of help in organization. Com- 
monly one long report can be broken into several minor projects, 
each of which can be undertaken separately and polished as needed. 
Sometimes an outline is needed. Usually suggestions for the use of 
visual aids are required. 
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The teacher must develop a constructive attitude when evaluating 
the written work of his pupils. He should train himself to look beyond 
the mere mechanics of spelling, punctuation and grammar, remember- 
ing that what is said is the important thing. He should note efforts to 
organize, to select descriptive words, to provide emphasis. Whenever 
he can, he should give praise for a picturesque phrase, a lucid sen- 
tence, and a well-constructed paragraph. 

Discovery and correction of minor errors can often be left to the 
pupils themselves when they have a purpose for providing fault-free 
written materials. An elementary teacher describes a technique that 
could be used equally well in the secondary school: 

My fifth grade had set up and labeled the exhibits for a science show to 
which parents were invited. The pupils agreed that the labels should not 
be misspelled or have other serious mistakes. So they chose three com- 
mittees, one to check spelling, one to criticize sentences and word usage, 
and a third to judge neatness. These committees were harsher than I 
would have been but their decisions were accepted by their classmates. 
It was a valuable experience for everyone. 

The use of editorial committees as just described can solve many 
problems for the teacher. Committees may check entries in science 
shows. They may check the work of bulletin board committees. Ma- 
terials produced for duplication— committee reports, summaries, pupil- 
planned demonstrations, and the like— should be edited, And any 
articles submitted for publication in the school or local newspapers 
need careful editing. Pupils learn to be critical. They get in some in- 
teresting arguments and they learn to appeal to proper authorities— 
dictionaries, grammars, and secretaries’ handbooks. 

Minor writing experiences. The preparation of labels for exhibits 
gives practice with spelling, printing, and organization of words. Often 
the work demands reference to a dictionary for help with spelling. 

Pupils quickly see the advantage of supplementing a title with a 
brief but informative phrase or sentence. The writing of a caption 
requires considerable skill but a pupil undertakes it willingly because 
it is short. Some labels use common words but often the labels become 
quite technical as pupils do advanced reading about their interests. 

Labels for nature trails may be much the same as those just de- 
scribed, but when they call attention to items more or less removed 
from the labels, as when dealing with ii bird nest high in a tree, they 
involve special problems of writing. Again, because the captions are 
brief, pupils attack the task readily and do surprisingly well. 

Labels that iirc used with working models may tell the viewer how 
to operate the model. Tliesc labels give pupils excellent practice in 
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writing directions. A label attached to an exhibit of fluorescent ma- 
terials inclosed in a box is shown below: 


fluorescence 

The things in this box will glow when they ore in ultraviolet light. 

1. Look in the peephole. 

2. Press Button A to see them by regular light. 

3. Press Button B to see them by ultraviolet light. 

George Warner 


Complex exhibits may require a number of separate labels which 
together represent an elaborate piece of writing but which, because 
they are separated, give pupils little trouble. 

Chart making provides the same type of writing experiences as are 
provided by label making. A number of pupils find chart making a 
real challenge. They accept without question the need for appro- 
priate headings and descriptive comments. 

Pupils often become discouraged when they discover errors of spell- 
ing or produce poorly drawn letters on charts that have taken much 
time and energy to produce. They may abandon their projects even 
though nearly completed. If they are advised to make all captions on 
separate cards which can be attached to the charts with rubber cement, 
they can easily replace those on which there are errors or unsightly 
printing. 

Bulletin board displays are much more effective when pictures and 
diagrams are attended by descriptive captions. There should be a 
single unifying title for the entire exhibit, captions for each picture or 
diagram, and perhaps a paragraph or two of additional information. 

A}7iong the standing committees in Mrs. Bulfs chemistry sections were bul- 
letin board committees responsible for preparing two displays each term. 
One committee chose to show the products derived from corn. The pictures 
for the display were clipped from advertisements in magazines. Labels 
from containers of corn products were also used. The pictures were ar- 
ranged about a picture of an ear of corn and connected to it with lengths 
of ribbon. Labels told briefly how each product is prepared and used. In 
some instances the chemical processes were described. 

Pupils gain valuable writing experiences by serving as class or group 
secretaries. When lists of words and tables of figures are to be made. 
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it is well for the secretary to keep records on the chalkboard so that all 
pupils may participate in the organization of the material, in any cor- 
rections that are needed, and in the analysis of the data. Afterwards 
the data may be copied off by either the secretary or all the pupils. 
When no extensive writing is called for, pupils who are not normally 
inclined to write commonly volunteer to be ^retaries. 

During a demonstration expaiment on the burning of a candle under 
various conditions, it became desirable to record the data in some con- 
venient form. A girl volunteered to he the secretary. The pupils suggested 
a two-column arrangement and dictated the headings for the columns. They 
then told the secretary how to enter the data already collected, criticizing 
her spelling when she made some mistakes. Then as more data were col- 
lected, they told her where entries should he made. 

Sometimes a teacher may choose to provide in advance a form for 
the secretaries to fill in. This procedure can be justified in many cases. 

It does, however, deny the pupils opportunities to participate in de- 
ciding the form of organization, an important part of the writing 
process. 

Elementary school pupils sometimes keep a class notebook or a class 
scrapbook. Generally, one pupil is responsible for the organization of 
the book, although sometimes a committee is assigned the task. All 
pupils contribute pictures, clippings, diagrams, paintings and written 
accounts. Secondary teachers might find this device a useful one to 
use at times. 

Another technique observed in a sixth grade classroom might have 
value in secondary school science classes. 

Miss Dixon’s sixth grade kept a nature diary and Anne was the recorder. 
As pupils reported their observations of things they had seen outdoors, Anne 
collected the reports, edited them and typed them for the diary. The diary 
contained over a hundred pages htj the end of the year, with each pupil 
having contributed several Hems, mostly short paragraphs but a few 
running more than a half page in length. 

This nature diary gave all pupils writing experience and gave Anne 
considerable editorial experience. The technique should have value 
in the secondary school if it can be adapted to the increased maturity 
of the pupils. 

The school newspaper may feature a science column if the idea is 
proposed to the editors. In one school there are class reporters who 
collect items of interest from the pupils, usually about special projects 
and sometimes about unusual obsemb'ons. The reporters may edit 
the accounts written by the other pupils or they may write the ac- 
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counts themselves. Teachers must constantly remind both the reporters 
and the other pupils if the column is to flourish. 

Major writing projects. Compamtively few pupils volunteer to under- 
take tasks that they know will demand extensive writing. Tliis is partly 
due to reluctance to begin something they believe will be unreward- 
ing and partly due to a feeling of incompetence in writing skills. How- 
ever, when pupils become engrossed in special activities, they need 
only moderate encouragement to write about what they have seen 
and done. 

Among the easier reports to organize and prepare are those based on 
anecdotal records. Anecdotes tend to organize themselves chrono- 
logically. As soon as one anecdote is written it may be laid aside and 
another started. There is no necessity for transition and development. 
One anecdote may be revised without affecting the others. 

Seventh grade Millicent watched a robin building a nest outside her bed' 
room window. Each day she wrote up her observations, describing the 
activities of the robin and the changes in the nest. Her final report needed 
only an introductory paragraph to be an excellent piece of writing. 

Similar to anecdotal records, in that they are composed of several 
discrete items, are reports that describe a number of separate but 
related objects, situations, or events. An organization based upon posi- 
tion may Ije used. 

For a biology project, Jennifer made a study of a blueberry bog on her 
parents’ property. She explored the bog carefully, collecting specimens and 
taking pictures. She incorporated her observations in a report that was il- 
lustrated with photographs and dried specimens. The report was organized 
in three main sections, each dealing with one of the divisions of the bog— 
the open portion, bushy section, and the wooded section. She added an 
introductory section locating the bog and indicating her interest in it. She 
wrote a final section giving her conclusions about the future of the bog. 

Directions for carrying out processes are relatively simple to write, 
based as they are on step-by-step procedures that provide their own 
organization and that need only a brief introductory statement to be 
effective writing. 

OHie and Harry were as nearly incompetent academically as two boys can 
be and still be in the ninth grade. But they were interested in automobiles. 
One day their science teacher asked them if they could change tires. Both 
could. 

“Now look,” their teacher told them, “you fellows go take off a tire and 
put it back on. As you do it, write out each step. Then come back and I’ll 
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let you tell the rest of the class just what you did. I want all of them to know 
how, so that someday when they drive their own cars they will know what 
to do.” 

The next day Ollie and Harry brought in the directions. They had been 
so ashamed of their crude handwriting that they had borrowed a type- 
writer to make a more legible copy. They were very proud of their con- 
tributions to the class. 

A teacher may ask certain pupils to find experiments for their class- 
mates, summarize the procedures, and prepare duplicated copies. The 
pupils then take charge of the class and supervise the laboratory work 
for which they have written directions. 

A diagram sometimes aids pupils in organizing their reports by 
suggesting the nature and order of the topics to be taken up. A radio 
circuit diagram, for instance, gives a beginning and an ending point 
and includes the important intermediate steps. A flow diagram, such 
as that shown in figure 12, page 170, is useful in writing about a manu- 
facturing process; it suggests that the general nature of the successive 
processes should be described first, then each process may be described 
in detail. Sometimes a map helps In the organization of a report. 

James became interested in the reasons why the small river near his home 
veered sharply from one valley wall to the other. From a map he noticed 
t/iot each sharp bend occurred opposite the mouth of a tributary oalley. 
Field work and continued map study convinced him that alluvial fans de- 
posited by tributary streams forced the main stream to the opposite sides 
of the ofliiet/. 

His teacher encouraged him to write up his study as a special report for 
earth science. First he drew up a ntap of a ten-mile section of the valley 
and plotted the aH«t>iai fans as he had found them through his field work. 
For his report, after an introductory section, he described each fan in 
detail and the nature of the associated bend in the main stream. A final 
section gaue his conclusions. 

Science writing may go beyond reports of project work. Play writ- 
ing may become a major project for a number of pupils, as in this inci- 
dent described by one teacher: 

Our play writing project was one of those pupil suggestions which just 
groups once it gets started. In a class committee meeting someone said. 
Why cant we review our work by writing a playF’ So they began. Some- 
one else suggested that they write a challenge to the other science classes 
to compete with them and that the best play would be giuen oucr the public 
address system. Not everyone responded, for play writing is not the easiest 
type of project. In each class the finished plays were read and the two 
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best plays selected by student vote. This resulted in six possible choices. 

One of the class presidents asked the dramatics teacher to select the 
winning play. She selected two, one for its interesting style and the other 
for its content. The result ivas that both girls rewrote their plays, one for 
greater interest and the other for more content, and both playlets were 
used in a freshman assembly.^ 

Science fiction appeals to many boys who are avid readers of this 
type of literature. Some boys who never volunteer for any other type 
of writing will try their hands at short, pseudo-scientific stories. 

The writing of poetry appeals to a different type of pupil. Science 
themes suitable for poems are limitless. Sometimes pupils need a 
little help with this means of self-expression. 

Mr. Willis used a few minutes of class time to explain to his earth science 
pupils the nature of a couplet. Then he suggested that each pupil try to 
write a couplet about a fossil trilobite found on a field trip. 

Some pupils can be stimulated to write essays. Controversial topics 
such as “The importance of vivisection” appeal. Descriptive essays 
such as "The earth as seen from its satellite may be in accord with 
specific interests. If sufficiently challenged, pupils will do an enormous 
amount of work in research and writing. 

Throughout the year tlie science teacher may drop suggestions for 
stories, poems and short essays that would be appropriate for the sub- 
ject under study. Always he must try to provide recognition commen- 
surate with the efforts and achievements of the pupils who accept 
the challenge. 

Suggested activities 


1. Select at random ten definitions from the glossary of a semnee 
textbook. Analyze each fron. the standpoint of the experience back- 
ground pupils would need for correct interpretation. In instances where 
pupils iLk the proper background, plan the necessary procedures by 
which the words could be introduced to the pupils. 

2 Read a science book that could be used for supplementary read- 
ing. Present an oral reviesv of the book to the methods class, usmg 
Visual aids of the type that a secondary scliool pupl might use. 

3. List various techniques that can be used to build the pupils 

“TieteTaSth grade general science unit. Plan tvriting expe- 
riences suSabTefoTa cSss ofVpils with a wide range of academic 


'"sl^^Divide the methods class into several groups 


and produce a science skit. 

1 Harrison, Florence, “Science Projects for Girls, 
Mathematics, October, 1943. 


and have each write 
School Science and 
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natural for them to complain when they arc disappointed. However, 
expectations should be realistic; prolonged complaints based upon 
the unattainable lead to unhealthy attitudes. 

Variation in mathematical aptitude. Within any large, unselected 
group of young people, the distribution of mathematical aptitude fol- 
lows the normal curve; about half of the pupils lie below the “norm” 
and a few individuals fall far below. But the teacher should recognize 
the significance of the norm. All the pupils falling below this point 
of the curve are still intelligent beings capable of understanding 
quantitative aspects of science. 

It is not certain whether mathematics aptitude is part of general 
intelligence or whether there are specific aptitudes in different aspects 
of mathematics. Nevertheless, pupils behave as though they have dif- 
ferent kinds of natural abilities. One pupil may carry out routine 
computations swiftly and accurately but show little insight when mak- 
ing applications. Another pupil may show true brilliance in problem- 
solving situations but be unreliable in computational work. 

Certainly the personality factor enters the picture, whether this be 
inborn or acquired. One pupil may be methodical but uninspired; his 
reports are beautifully organized, his computations are accurate, every- 
thing is beautifully labeled, but he needs constant help with basic 
understandings. Another pupil may show brilliance in his approach 
to problems but seem incapable of turning in acceptable papers. A 
science teacher will be more just in his appraisal of pupils if he assumes 
that such differences are due in large part to inherent characteristics 
rather than to laziness, poor preparation, and general incompetency. 

Var/oHon in background, Pupiis who come from different school sys- 
tems may vary in the training they have received. Some of the varia- 
tion may be due to inevitable differences in the quality of the teaching; 
there are poor teachers of mathematics as well as good ones. But 
much of the variation may be due to differences in philosophies. Some 
teachers emphasize mastery of basic skills to the exclusion of aff else. 
Others try to develop basic understandings and use time that might 
otherwise be devoted to drill. It is easy to condemn this latter group 
of teachers when faced with pupils who lack certain skills but the con- 
demnation is rarely justified. Pupils trained in either way have limi- 
tations and compensating strengths. 

Problems of transfer. Every mathematics teacher recognizes that 
pupils have difficulty making transfers of learning from one situation 
to another. A pupil may be skillful solving money problems but help- 
less when faced with a comparable problem involving velocities. He 



502 


Making the most of the science program 


must be given almost as much help with the second problem as with 
the first. The ability to make transfers may be one factor of general 
intelligence. Many pupils can make transfers to closely analogous situ- 
ations but their number decreases as the similarities between the two 
situations decreases. 

The problems of transfer are important to science teachers. Prob- 
lems pupils encounter in their mathematics classes bear little resem- 
blance to those met in science classes. Science teachers must expect to 
give help with transfer, often approaching problems as though pupils 
have had no experience with them previously. The gifted pupils will 
see the relationslnps quickly, solve the problems, and turn to more ad- 
vanced work Other pupils will follow in turn as they receive adequate 
help. Only a few pupils will need extended help. 

Differences in readiness. Most authorities agree that readiness is a 
factor to be considered in teaching mathematics. Some topics are bet- 
ter for high grade levels than low. Some pupils can master material in 
a short time when they are in their teens but require years to master 
the same material as children. 

Readiness may come with maturation of the mind, which varies with 
individuals, or it may come with increasing experiences. Perhaps it 
depends upon both. The science teacher can control to some extent the 
experience factor. A farm boy may grasp the mathematical relation- 
ships of a pulley system quickly, while a girl who has always lived in 
a city apartment house may find them incomprehensible. The science 
teacher may plan to give her the needed experience background and 
thus make her more nearly ready for the quantitative aspects of the 
problem. 

Incomplete mastery of basic processes. Any expectation that second- 
ary pupils will have completely mastered mathematics shows a serious 
lack of understanding of the learning process. Mastery is not easily 
attaine{l Mere wtroduciion to a sldW is not sufficient; pupils must have 
some practice. After sufficient practice they may attain what can 
be called temporary mastery of a specific skill. However as soon as 
practice ceases, forgetting begins, and the longer the interval without 
practice the less is remembered. Reteaching and more practice is then 
required. Though learning is more rapid with each successive reteach- 
ing and forgetting is less rapid and less complete, permanent mastery 
can never be assured. 

A look at a mathematics program will show why the science teacher 
cannot expect mastery of basic processes. A chart giving a typical pro- 
gram for grades one through eight is shown on pages 504-505. Pupils 
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in the seventh grade will have a fair mastery of the addition combina- 
tions; they have had between four and five years practice with these. 
But they will have been little more than introduced to percentages; 
they will have had almost no time for practice, relearning and addi- 
tional follow-up practice. 

Once these pupils pass the ninth grade, they will begin to regress 
in many mathematical skills unless there is some provision for reteach- 
ing fractions, decimals, percentages, and the like in higher grades. 
Senior high school science teachers, therefore, must expect many in- 
adequacies. 

Acquaintance with the mathematics program of his school system 
will help the science teacher develop realistic expectations. An eighth 
grade teacher, for instance, will not expect his pupils to use algebraic 
equations. A physics teacher will not expect pupils without inter- 
mediate algebra to handle logarithms. 

An understanding of the mathematics program will make a science 
teacher recognize the need for reteaching. Tlie seventh grade teacher, 
for instance, will plan to releach percentages when he intends to use 
them. The biology teacher may recognize the need for helping his 
pupils with bar graphs when he asks that these be used. 

MAKING THB DESCRIPTIVB SCIBNCBS QUANTITATIVE 

Opportunities for developing the quantitative aspects of science are 
practically limitless. However, whatever mathematics is used should 
be functional and necessary to solve the problems that arise out of 
the pupils’ experiences with science. The use of practice exercises 
designed solely for drill, as is so often done in physics and chemistry, 
will defeat the purpose of including mathematics in the descriptive 
sciences. 

The mathematics employed should be appropriate for the achieve- 
ment level of the pupils. When pupils are familiar with numbers and 
processes they have a feeling of competence which encourages them to 
use mathematics more freely. 

Too much cannot be said about the importance of using simple, 
whole numbers whenever possible and especially at the beginning of 
new topics. Many pupils who can visualize a force of twenty pounds 
see nothing but a number when confronted by the expression 17.32 
pounds. For one thing, skill with the latter number is not essential on 
the secondary school level. For another, the degree of accuracy is 
rarely justified. The goal should be the development of basic con- 
cepts; refinements follow as needed. For example, the individual who 
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Grode 

Grade 4 

Number concept: 

Develop concepts of 
small numbers, learn to 
count to 1000. Count 
by 2's, 3'j, 4'$, 5'$ ond 
10's. Read simple Ro> 
man numerals. Reod 
ond write dollars ond 
cents. Understand label- 
ing of concrete numbers. 

Extend concepts of num- 
bers. Read and write to 
10,000. Extend use of 
Roman numerals. Extend 
understonding of con- 
crete numbers. 

Fundamental processes: 

Learn addition of three 
columns, subiroction of 
three orders, grouping 
and separoting tech- 
niques. multiplicotion by 
2*1. 3's. 4's. ond 5's. 
Learn checking lech- 

Extend addition and sub- 
traction skills. Extend 
multiplication ond divi- 
sion to all combinations. 
Learn multiplicotion by 
third order, division by 
one order. Increase 

checking consciousness. 

Fractions, decimals, 
percentage: 

Leorrs to use simple unit 
fractions. 

Extend concept of unit 
fractions. Introduce non- 
unit fractions. Add and 
subiroct fractions hovlng 
some denominotor. 

Ratio and prepotfien, 
graphs: 



Measurement: 

Become familiar with 
common units through 
use. 

Extend lamiliority with 
common units. Practice 
estimation and [edging. 
ln}roduc9 on9-ifep reduc- 
tions. 

Ceomeiry: 

Recognize and describe 
common geomel/ic formi 
such at wheels. biocVi, 
ond balls. 

Identify common figures 
such os circles, triongles, 
and squores. 

Algebrolc processes: 




504 


Grade 5 

Grade 6 

Grade 7 

Grade 8 

Extend concepts of 
larger numbers. 

Read and write 
through billions. 
Learn to round off 
numbers. 

Continue to ex- 
tend and refine 
number concept. 

Continue to ex- 
tend and refine 
number concept. 

Maintain existing 
skills. Extend multi- 
plication to all rea- ^ 
sonable types. Ex- 
tend division to 
third order divisors. 
Increase checking 
consciousness. 

Continue to refine 
skills. Give olten- 
tion to remedial 
work. 

Continue work of 
grade six. 

Continue work of 
grade seven. 

Develop concept of 
families of frac* 
tions. Add, sub- 
tract, and multiply 
simple fractions. 
Develop decimal 
concept. Add, sub- 
tract, multiply, and ' 
divide simple dec- 
imals. 

Extend skills to 
operations with 
all fractions, 

mixed numbers, 
and decimols. In- 
terpret percents 
and hundredths. 

Continue to de- 
velop basic skills. 
Learn common 
percentage equiv- 
alents. Extend 

Case 1 of percent- 
age. Introduce 
Cose II and ap- 
ply. 

Continue to de- 
velop skills. Con- 
tinue to extend 
applications of 
percentage. 

Read simple 

graphs. Read sim- ; 
pie scale drawings, i 

1 

Read and con- 
struct simple 

graphs ond scale 
drawings. Apply 
ratio coricept. 

Extend use of 
graphs. Continue 
use of scale draw- 
ings. 

Continue work of 
grade seven. 

Extend use of com- 
mon units. Con- 
tinue one step re- 
ductions. Calcu- 
late fractional 

parts of units. 

Organize tables 
of measures. . 

Leorn to compute 
with denominate 
numbers. 

Continue use of 
all operations. In- 
troduce angle 
measurements. 

Continue use of 
all operations. 
Introduce metric 
system. 

Study properties of 
squares and rec- 
tangles. Measure 
perimeters. 

Learn to measure 
areas of recton- 
gles. Recognize 
characteristics of 
common figures. 

Study properties 
of plane figures, 
learn to make 
geometric con- 

structions. 

Learn to measure 
areas of irregu- 
lar figures. Com- 
pute volumes of 
simple solids. 

Study properties 
of angles. 



Use formulas for 
perimeters and 
areas. 

Use basic alge- 
braic processes I 
as aids in prob- 1 
lem solving. I 
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knows that a circle is about three times as far around as across has an 
understanding that he can apply again and again; when he needs 
greater accuracy it is simple to show him how to attain it. 



The so-called “descriptive" sciences can be truhj descriptive only if quantity 
ij involved. These biology pupils are weighing dry beans preparatory to an 
experiment with the I'mbwifion of water. Later they will weigh soaked beans 
and determine the percentage of increase. 

Individual differences in mathematical ability can be provided for 
by individualizing assignments. During a seventh grade study of elec- 
trical energy several pupils were asked to find the cost of operating a 
1000-watt iron for three hours. Another group was asked to calculate 
the cost of leaving a 75-walt lamp lighted each night for a month. 
Other pupils were given assignments ranging between these extremes 
in difficulty. Similarly in laboratory work, problems can call for dif- 
ferent degrees of skill with numbers. 

Af the beginning of an exercise with density, the ninth grade science 
teacher asked for a show of hands of pupils who attained high grades in 
their mathematics courses. To these pupils he gave blocks that measured 
in fractional numbers in all three dimensions. To pupils who admitted less 
skill he gave blocks that measured in even numbers in two dimensions. 
To the remainder he gave blocks that measured in even numbers in all 
three dimensions. 

The teacher may also ask talented pupils to investigate special phases 
of an experiment that other pupils are doing. And always, talented 
pupils can be detached to work on special projects. 

Strengthening number concepts. One of the basic aims of the elemen- 
tary school mathematics program is the development of an apprecia- 


Mathematics hi the science program 


507 


tion for the significance of numbers. This aim should be set for the 
secondary school also. An appreciation for numbers never stops grow- 
ing. A person always discovers new characteristics of numbers as long 
as he uses them with understanding. 

Small numbers should not be neglected merely because they were 
emphasized in the early grades. A pupil who discovers that the flowers 
of a trillium are each composed of three sepals, three petals, a three- 
parted pistil, and three pairs of stamens, gains a new insight on the 
characteristics of the numbers three and six. A study of a strawberry 
blossom gives a concept of radial symmetry as applied to the number 
five in a way that cannot be gained from study of linear arrangements. 

There are many secondary school pupils who benefit by opportunities 
to arrange pictures on a bulletin board and divide up a number of 
potted plants among the window sills in the classroom. These experi- 
ences help them develop “number sense,” without which they later 
will not be able to keep budgets and balance checkbooks. Sometimes 
it is not until they reach the secondary school that certain young 
people are ready for basic concepts. A casual remark by a science 
teacher that the problem of arranging fourteen pictures in three rows 
on a bulletin represented a quotient and a remainder opened the eyes 
of a pupil to the real significance of these terms. 

Opportunities for counting are almost endless. Almost every field 
study and laboratory exercise can involve numbers—experiments with 
heart rate, determination of strength of magnets, analysis of sand. For 
specific examples of the possibilities in the study of trees the following 
activities are described: 

1. The age of a tree can be determined with a fair degree of accu- 
racy by coMirting the in a stviwvp ot basal log. A permanent 

record can be made by “rubbings,” tacking a strip of paper across the 
stump and rubbing it with a soft pencil. Causes for unequal growth 
can sometimes be determined; large scars on one side slow growth 
on that side; unequal lighting such as is found on a hillside causes 
faster growth of the well-lighted side; emergence through the canopy 
formed by other trees gives a forest tree a sudden spurt of growth. 
Dates for all these events can be determined. 

2. The age of young pines and spruces can be determined by count- 
ing the spaces between tlie whorls of braiiches, since these sections 
of trunk represent the upward growtli for Uieir respective years. An 
injury to the leader, or main trunk, of one of these trees results in one 
or more side branches turning upward to assume the function of tlie 
leader; this produces crooked or forked trunks. The year of the injury 
can be determined by counting from the top of the trunk downward. 

3. The end of each year’s growth of a hardwood twig is marked by 
a scar around the twig. The scar persists for several ) ears and c.in be 
used in dating twigs and saplings. Apple blossoms leave e.isily identi- 
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fled scars on their twigs, and it is even possible to distinguisli whether 
fruit were home and whether some of them grew to full size. Dating 
these events gives an understanding of the life histories of apple trees. 

These three examples show how easily counting exercises arc in- 
cluded in a “non-malhematical” course like biology. Usually more than 
counting is involved; pupils have opportunities to manipulate the 
numbers as well. 

An appreciation for larger numbers can be strengthened by compari- 
sons, by groupings, and other techniques which assist also in giving 
understandings of the properties of these numbers. 

Two girls made a study of the effect of changing the number of turns on an 
electromagnet, counting the number of brads picked up for each trial. To 
report their findings they mounted the brads in groups of ten on a chart. 
Thus their classmates could see at a glance the relationships of the numbers. 

A similar technique was seen in a report presented by a pupil who, 
while dissecting a frog, had discovered it to be full of eggs. She 
counted out the eggs, one hundred to a vial, and displayed these to 
illustrate the fecundity of frogs. 

Averaging. Pupils have opportunities to practice averaging from about 
the fourth grade on and liave adequate skill with the process. How- 
ever, about the only practical applications they encounter come when 
determining grades. In the science program they can be shown how 
useful averaging is for bringing large masses of data into a form that 
permits ready comparisons. 

Miss Donati led half her class in deep breathing exercises while the other 
half sat quietly as a control group. She then directed all pupils to stop breath- 
ing for as long as possible, each person raising a hand as soon as he took his 
first breath. Within a shoH time hands began to fly up, mostly from the 
control group at first, later by the others. 

After a little discussion, the pupils wanted to lime themselves. Miss Donati 
provided a large clock tuifh a sweep second Jwnd and osked them to time 
themselves She prepared a chart on the blackboard for the data while the 
pupils carried out the experiment. Afterwards the pupils entered the times 
in the chart, made a copy for their notebooks, and averaged the two sets of 
data for comparisons. 

Miss Donati could have carried this experiment furtlrer. She could 
have invited comparisons between boys and girls. She could have 
suggested that the pupils test the effects of changing the amount of 
preliminary deep breathing. Each new trial would have given more 
practice with averaging. 
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Averaging techniques may be used to bring together data to pro- 
vide a broader base on which conclusions may be drawn. 

Early in his chemistry courses Mr. Hawes introduced the experiment on 
the change in weight of magnesium oxidized in a covered crucible so that 
his pupils would understand how empirical formulas are derived. During 
the preliminary discussion of sources of errors, it was obvious that single 
trials would not be trustworthy. Mr. Hawes proposed that each laboratory 
team make two trials and pool the data with other members of the class, 
averaging results to arrive at a single set of values. 

Though pupils have little di£Bcully averaging several quantities as 
outlined above, they seem to have much more difficulty determining 
average speeds during intervals of constant acceleration. The situa- 
tions are enough different so that transfer is difficult. Most pupils will 
need special help with this phase of averaging. 

Percentage. The study of percentages is commonly introduced in the 
sixth grade and retaught and given greater meaning in the junior high 
school years. Pupils in the seventh and eighth grades, therefore, will 
not be adept with the basic processes and will need help before they 
can use percentages in their science work. 

A seventh grade group weighed apples, sliced them in thin strips for drying 
in an oven, and a day later reweighed them. The pupils assumed that all 
water was lost in the drying process and calculated the percentage of water 
in the original apples. Several interested pupils used the same technique 
for other foods. 

There are many problems in biology that call for the use of per- 
centages. The following illustrates one of the many ways in which 
mathematics can be brought into the life science courses. 

Several biology pupils chose to test the viability of seeds for a special project. 
They prepared a “ragdoU" germination tester— a strip of cloth on which 
seeds are placed, then rolled up and kept moist for a few days. The per^ 
centage of seeds that gerininated toas calculated for each case. 

This project could have been carried further. Pupils could have 
determined the effects of high temperature, storage at low tempera- 
tures, influence of such gases as methane and carbon dioxide, and many 
other factors. 

Similar opportunities may be exploited in the physical sciences. 

Mr. Stevens borrowed from a garage a chart listing the number of quarts 
of antifreeze needed to protect radiators at different temperatures. After 
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a discussion of antifreeze solutions Mr. Stevens brought out the chart and 
helped his pupils determine the percentage recommended in each case. 
Final data ivas plotted on a graph. 

In the earth sciences percentages may be used in experimental work 
on the composition of soils, water retention in soils, nature of alluvial 
deposits and the like. The study of slopes represents an entirely dif- 
ferent use of percentages and should be treated separately. 

Afr. Hunter wished his pupils to use a U.S. Conservation Department 
bulletin giving soil loss from experimental plots of different slopes. Mr. 
Hunter took his class outdoors where they measured different slopes and 
calculated the slopes in terms of percents. For eaeh slope studied the 
pupils also fletcrmined (he probable soil loss per acre and the value of this 
soil at local topsoil rates. 

Ratios. Pupils encounter simple ratios early in the elementary grades 
but have no formal study until the sixth or seventh grades. Secondary 
school pupils as a whole, therefore, can Irandle with ease only such 
simple ratios as 1:3 and such easily reducible ratios as 60:10. Some 
pupils have not grasped the significance of a ratio written as GiS. 
Many cannot reduce such as ratio as 54:153 nor estimate the value 
of such a ratio as 59;G. Most pupils will need more or less help when- 
ever complex ratios are encountered. 

In all phases of the science program pupils have opportunities to use 
ratios during the preparation of mixtures and solutions. They would 
gain a great deal if they were allowed to make up many of tire stock 
solutions already prepared for them. 

Many projects dcvelo|>ed during the study of sound make use of 
ratios. A xylophone made of sections of broom handle, for instance, 
may he prepared according to instructions that give the ratios of the 
respective sections. Pupils may discover the ratios themselves by sliding 
bridges under a vibrating string until the notes of the standard scale 
are obtained. 

Pupils interested in photography have t\vo opportunities to use 
ratios. Tliey may mix their own solutions. They may calculate the 
degrees of enlargement to be used. 

Among the coniinonest uses of ratios in biology is in the work with 
genetics. Pupils should have opportunities to compute the ratios them- 
sehes, instead of being given the “purified” results. They can raise 
fniit flies, count differently colored kernels in cars of com, and raise 
com seedlings tiiat possess lethal genes. 

An interesting application of ratios is found in the study of human 
growth and developincnl. Among the ratios that pupils may calculate 
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from actual measurements of children of different ages are: ( 1 ) vertical 
distance between top of head and bridge of nose as compared with 
vertical distance between bridge of nose to tip of chin; (2) length of 
head to total length of body; (3) length of arm to body length; 
(4) length of leg to body length; (5) shoulder width to hip width. 

Ratios may be used in studies of plant growth especially in experi- 
ments that compare the effects of different factors with a standard 
set of conditions. These include testing the effects of various ferti- 
lizers on the production of plant tissue (dry weight), and the effect 
of relative humidity on water loss from plants. 

In the physical sciences the term “velocity ratio” comes to mind. 
This is not a happy term because pupils do not calculate velocities 
but distances in arriving at the velocity ratio. It is much better to 
speak of the ratio of effort distance to resistance distance. Pupils need 
to be shown that the ratio may be calculated in different ways for 
different machines; with levers and pulleys the actual distances are 
measured, with wheels and axles the radii are measured; with belts 
the circumferences of the pulleys are usually used, with gears the 
number of teeth are compared. With wheels and gears the speeds may 
also be compared. Even angles may be used in some instances. 

The pupils in Mr. Welch’s physics class jacked up the front end of a car. 
Then they turned the steering wheel slowly until the front wheels had 
moved through a 30 degree angle. By measuring the angle through which 
the steering wheel had turned and comparing it with 30 degrees, they were 
able to determine the steering ratio of the car. 

Measurements. Opportunities for practice in making measurements 
within the science program need no discussion; they are self-obvious. 
But a few words might well be said about the capabilities of young 
people. Pupils are given opportunities to measure time, temperature, 
short distances and liquids while still in the early grades. Areas and 
cubic measure, however, are not introduced until the fifth and sixth 
grades respectively. Angle measurement is usually deferred until the 
junior high school years. 

All pupils can be expected to make simple conversions of common 
units. Two-step conversions, such as gallons to pints, may give trouble 
to some pupils, especially when they are dealing with units such as 
miles, which are difficult to visualize. Fractional parts of units give 
trouble to pupils who do not have a sound grasp of fractions; indeed 
there are few pupils who can work witli sixteenths of inches. Aside 
from work with money, which is a special case, pupils have little prac- 
tice with tenths of units. 

The metric system of measurements is usually presented in the 
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a discussion of antifreeze solutions Mr. Stevens brought out the chart and 
helped his pupils determine the percentage recommended in each case. 
Final data was plotted on a graph. 

In the earth sciences percentages may be used in experimental work 
on the composition of soils, water retention in soils, nature of alluvial 
deposits and the like. The study of slopes represents an entirely dif- 
ferent use of percentages and should be treated separately. 

Mr. Hunter wished his pupils to use a U.S. Conservation Department 
bulletin giving soil loss from experimental plots of different slopes. Mr. 
Hunter took his class outdoors where they measured different slopes and 
calculated the slopes in terms of percents. For each slope studied the 
pupils also determined the probable soil loss per acre and the value of this 
soil at local topsoil rates. 

Ratios. Pupils encounter simple ratios early in the elementary grades 
but have no formal study until the sixth or seventh grades. Secondary 
school pupils as a whole, therefore, can handle with ease only such 
simple ratios as 1:3 and such easily reducible ratios as 60:10. Some 
pupils have not grasped the significance of a ratio written as 6:8. 
Many cannot reduce such as ratio as 54:153 nor estimate the value 
of such a ratio as 59:6. Most pupils will need more or less help when- 
ever complex ratios are encountered. 

In all phases of the science program pupils have opportunities to use 
ratios during the preparation of mixtures and solutions. They would 
gain a great deal if they were allowed to make up many of the stock 
solutions already prepared for them. 

Many projects developed during the study of sound make use of 
ratios. A xylophone made of sections of broom handle, for instance, 
may be prepared according to instructions that give the ratios of the 
respective sections. Pupils may discover the ratios themselves by sliding 
bridges under a vibrating string until the notes of the standard scale 
are obtained. 

Pupils ^terested in pliotography have two opportunities to use 
ratios. They may mix their o\vn solutions. They may calculate the 
degrees of enlargement to be used. 

Among the commonest uses of ratios in biology is in the work with 
genetics. Pupils should have opportunities to compute the ratios them- 
selves, instead of being given the “purified” results. They can raise 
fruit flics, count differently colored kernels in ears of corn, and raise 
com seedlings that possess lethal genes. 

An interesting application of ratios is found in the study of human 
growth and development. Among the ratios that pupils may calculate 
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from actual measurements of children of different ages are: ( 1 ) vertical 
distance between top of head and bridge of nose as compared with 
vertical distance between bridge of nose to tip of chin; (2) length of 
head to total length of body; (3) length of arm to body length; 
(4) length of leg to body length; (5) shoulder width to hip width. 

Ratios may be used in studies of plant growth especially in experi- 
ments that compare the effects of different factors with a standard 
set of conditions. These include testing the effects of various ferti- 
lizers on the production of plant tissue (dry weight), and the effect 
of relative humidity on water loss from plants. 

In the physical sciences the term “velocity ratio” comes to mind. 
This is not a happy term because pupils do not calculate velocities 
but distances in arriving at the velocity ratio. It is much better to 
speak of the ratio of effort distance to resistance distance. Pupils need 
to be shown that the ratio may be calculated in different ways for 
different machines; with levers and pulleys the actual distances are 
measured, with wheels and axles the radii are measured; with belts 
the circumferences of the pulleys are usually used, with gears the 
number of teeth are compared. With wheels and gears the speeds may 
also be compared. Even angles may be used in some instances. 

The pupils in Mr. Welches physics class jacked up the front end of a car. 
Then they turned the steering wheel slowly until the front wheels had 
moved through a 30 degree angle. By measuring the angle through which 
the steering wheel had turned and comparing it with 30 degrees, they were 
able to determine the steering ratio of the ear. 

Measurements. Opportunities for practice in making measurements 
within the science program need no discussion; they are self-obvious. 
But a few words might well be said about the capabilities of young 
people. Pupils are given opportunities to measure time, temperature, 
short distances and liquids while still in the early grades. Areas and 
cubic measure, however, are not introduced until the fifth and sixth 
grades respectively. Angle measurement is usually deferred until the 
junior high school years. 

All pupils can be expected to make simple conversions of common 
units. Two-step conversions, such as gallons to pints, may give trouble 
to some pupils, especially when they are dealing with units such as 
miles, which are difficult to visualize. Fractional parts of units give 
trouble to pupils who do not have a sound grasp of fractions; indeed 
there are few pupils who can work with sixteenths of inches. Aside 
from work with money, which is a special case, pupils have little prac- 
tice with tenths of units. 

The metric system of measurements is usually presented in the 
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eighth and ninth years of a general mathematics sequence, but little 
practice is given. Science teachers should assume that their pupils 
know nothing about meters, liters and grams. The metric system should 
be used more in the science program than it is. Seventh graders have 
no difficulty making measurements in centimeters, meters, grams, kilo- 
grams, and milliliters. Confusion does not arise until well-meaning 
teachers ask them to convert metric measurements to the English 
system— a skill that has little purpose for most people. Metric system 
measurements should be treated just as are measurements in inches, 
pounds and quarts. 

Scales and scale drawings. Pupils usually have a brief introduction to 
the use of scales in the elementary school; they are given increased 
practice in general mathematics and vocational subjects. They can 
be expected to interpret simple scale drawings that involve only com- 
mon units and simple ratios. Their ability to interpret other scale 
drawings and make their own drawings depends upon each indi- 
vidual’s skill with fractions and ratios. NIost will need some help in 
starting a scale drawing which must fit a predetermined space. 

Pupils can gain practice in interpreting scale drawings through the 
making of scale models and scientific apparatus, such as Wardian cases, 
bacterial colony counters, and plant presses. These are described in 
professional literature and make goc«l projects for pupils. In earth 
science pupils may make scale models of topographic features. One 
teacher asked each pupil to make a cigar-box sized model of some 
local feature; these made an excellent display and could be stored in 
cigar boxes when not in use. Many teachers ask pupils to make a 
model of the solar system; wlien this is done it should be set up out- 
doors to the same scale in so far as is practical, so that pupils do not 
get distorted impressions of sizes and distances. 

A general science teacher asked a committee of pupils to make a 
scale drawing to show relative heights of mountains, depths of oceans, 
and diameter of the earth. A long sheet of wrapping paper stretched 
across one end of the room represented a section through the earth. 
At the ends were drawn some of the highest mountains and greatest 
ocean depths. This model could have included some of the levels of 
the atmosphere also. 

The above technique can be used for time scales. A biology teacher 
used a long strip of wrapping paper to represent geologic time. This 
was divided into eras. Pupils pasted cut-outs of the dominant forms 
of life in each of the eras. 

Maps and mapping. Maps, which are a special form of scale drawing, 
are usually given adequate consideration in earth science, but rela- 
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lively few pupils take that course. General science should therefore 
emphasize maps, and other subjects may use them as well. 

Mr. Wilsons biology class undertook an ecological survey of a small area 
near the school. As a first step the pupils mapped the area, using a plane 
table constructed according to a design in a scouting magazine. Next, they 
laid out a line of stakes at equal distances across the area, connecting these 
with white twine. The line and stake were plotted on the map. The pupils 
made a census of all plants growing along the line thus obtaining a rep- 
resentative section of the area. Notes were kept on animals seen. The final 
report of the project was an exhibit of the map, pressed plant specimens 
keyed to the tnap, and the list of animals also keyed to the map. 



The preparation of a map during the ecological study of an area provides 
many varied mathematical experiences. These boys are using a plane table 
in mapping a section of a school lawn. 


Pupils like to work with topographic maps of regions familiar to 
them, probably because of the wealth of detail given. However, they 
often have trouble intcq>reting contours. Various techniques for help- 
ing them have been employed. 

The United Slates Geological Survey puts out several plastic relief 
maps, which bear contour lines and arc otherwise identical with the 
Hat maps of the same areas. The relief maps may be compared with 
their corresponding topographic sheets. 

A useful device sometimes used is a “liiir of clay or pl.isler. A scrilx; 
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or pencil placed on a block and moved alwut the hill inscribes a con- 
tour Une. Another block is added and the scribe is moved about again, 
producing another contour line. When contour lines have been in- 
scribed to the top of the hill and are viewed from directly above, they 
resemble a topographic sheet with contours. 

A technique like the above, which permits all pupils to participate 
directly, provides each group of pupils with half a large potato which 
becomes a “hill.” Pupils slice this into layers of equal thickness, which, 
when reassembled and viewed from above, show the contour lines of 
the hill. A map may be made by tracing about each layer in turn on 
a sheet of paper, the layers being pul in the respective positions they 
occupied in the potato. 

The preparation of a relief mode! from data given on a contour map 
has been described in chapter 14. 

Pupils may also surve\ a limited area and prepare a contour map. 
The area should have considerable relief to be exciting. 

Mr. Schmidt helped his pupils prepare levels for making a contour map. 
A short board, the sighting bar, was nailed across the top of a five foot 
stake m the form of a T A small spirit level attached to the sighting bar 
fold them tchen the latter was horizontal. 

To use it, one pupil held the level horizontal while a second pupil sighted 
along the top. A third pupil tvould mark the point where the Une of sight 
intersected the ground. This point would be five feet above the point where 
the level rested. 

Mr. Schmidt’s pupils marked fhe points tcilh pieces of uihitc paper, each 
group of pupils being responsible for one series of points across a hillside. 
From a distance the lines of papers could be interpreted as contours and 
were drawn ft eehaiid on a map of the area. 

Graphs. Pupils have been introduced to all the common forms of graphs 
in the elementary school. Junior high school pupils can usually inter- 
pret them satisfactorily. Howe\'er, many pupils will need help in con- 
structing graphs, particularly in choosing proper scales. Some will 
always need help in choosing tlie proper form to use. 

Throughout the science program pupils may use graphs to report 
the results of their investigations. Typical of the many possible ap- 
plications are circle graphs to show the materials used by robins in 
constructing nests, bar ^aphs to show the quantities of salts soluble 
in a given quantity of water at various temperatures, and line graphs 
to show the voltage recovery of a dry cell that has been shorted. 

Graphs need not always be on paper. A health teacher had her 
pupils construct graphs of the composition of foods by painting sec- 
tions of dowels with different colors, blue for water, red for protein, 
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and so on. Each dowel represented a different food. These were dis- 
played by inserting them in a base board drilled with shallow holes. 

Angle measurement. Pupils do not have practice with angle measure- 
ment before the junior high school mathematics program, but they will 
have little difficulty with this topic if the teacher gives them proper 
help and chooses his applications wisely. 

Investigation of the laws of reflection should utilize angle measure- 
ment. Protractors should be a part of the equipment supplied for this 
purpose. If the pupils have learned to construct angles and erect per- 
pendiculars in their mathematics program they will find satisfaction in 
using these processes here. 

Angles of refraction and critical angles may be demonstrated with 
a beam of light falling on an aquarium of water clouded with a few 
drops of mil£ The angles may be measured with a large plastic pro- 
tractor. Needless to say, these phenomena should be given numerous 
applications to everyday occurrences. 

The measurement of angles is important in the study of vision. 
Pupils may determine the extent of their peripheral vision. The pupil 
being tested sights across a large square of soft construction board at 
a pin stuck along the far edge. At the same time he moves a pencil 
along one side of the board until he can no longer see it. At this point 
he inserts another pin. He repeats the process for the other side. The 
extent of his vision is measured in degrees and may be determined for 
each eye separately and for both eyes together. 

Ability to judge size and distance is dependent in part upon sub- 
tended angles. Two objects of unequal size at the same distance sub- 
tend unequal angles; the mind attributes the larger size to the object 
subtending the larger angle. Two objects of equal size at different 
distances subtend unequal angles; the mind attributes the greater dis- 
tance to the object subtending the smaller angle. When the mind has 
no basis for judgment, optical illusions may occur— toy-like appear- 
ance of buildings from a hill top, apparent change in size of moon as 
it rises— and these may be explained in terms of subtended angles. 

Angles may be measured in a number of experiments with living 
things. The degree of slope which affects negatively geotropic animals 
may be determined. The hourly motion of the unsupported tip of a 
climbing bean seedling may be expressed in degrees. Tlic phofotropic 
shift of leaves and flowers is best expressed in tenns of angles. 

Anglo measurement is iinijortanl in the study of astronomy. The 
angle of elevation of the sun at various times of year may be calcu- 
lated by constructing u triangle based on a vortical slick and its 
shadow. The hourly shift of the sun and the detonninalion of time 
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with a sundial utilize angle measurement. Latitude should not be 
ignored. 

Mr. Jordan explained the relationship of latitude and angle of elevation of 
the North Star. He helped his pupils make simple alidades for the measure- 
ment of angles of elevation, and on the next “star study” night meeting, be 
showed the pupils how to determine latitude. 

The basis for vector analysis can be laid in general science, using 
simple relationships and direct measurements rather than extensive cal- 
culations. 

Two pupils demonstrated the effect of changing the slope of on inclined 
board up which theij were pulling a loaded roller skate. The slope was in- 
creased in 10 degree steps and change in force noted. Results were plotted 
as a line graph. (The curve approximated the sine curve, but this would 
not have been significant to the pupils at the time. Later, they might re- 
call it . ) 

Triangles and other plane figures. Pupils will have become familiar 
with common polygons by the end of the sixth grade. In junior high 
school mathematics they study some of the properties of these figures 
and learn simple geometric constructions. They can employ this knowl- 
edge in the science program. 

The triangle. Triangles are of special importance in mechanics be- 
cause they cannot be distorted if the length of their sides remain un- 
changed. Pupils can compare the rigidity of triangles with that of 
other polygons by making simple frameworks of heavy cardboard 
pinned at the corners with paper fasteners. When the lack of rigidity 
of a rectangle has been discovered, a diagonal brace, which produces 
two triangles, may be added to discover its effect. Applications are 
innumerable, from a comer brace on a fence or a guy wire on a pole to 
complex bridges and skyscrapers. 

The special properties of an isosceles triangle may be used in con- 
structing a level. If the bottom member of a framework shaped like 
an isosceles triangle is level, a plumb bob suspended from the vertex 
will bisect the base. Addition of a protractor converts this level into 
an inclinometer which may be used in measuring slopes in various 
science problems. The same device inverted and suspended on a nail 
through the midpoint of the base becomes a sighting level for laying 
out contours; it may need some checking to assure that it is perfectly 
balanced and gives a horizontal sighting line. 

Pupils will be interested to note that living things rarely employ the 
triangle in their bodies, probably because the triangle cannot be pro- 
duced by continuous growth processes. The bracing effect of the 
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triangle is produced, however, by buttress-like tree roots and thicken- 
ing at the angles where bones meet. 

The hexagon. Hexagonal forms are shown in snowflakes, although 
these can be seen only in certain types of snowfalls, because numerous 
factors tend to destroy the original form. When conditions are suitable, 
pupils may collect these snowflakes on dark cloth and study them 
with hand lenses. The pupils should have opportunities to draw hex- 
agons and attempt to duplicate snowflake patterns around the axes. 
They may then fold the paper and make cutouts of the patterns. 

The circle. A circle is defined as the locus of a point moving at a 
constant distance from another point. This definition becomes espe- 
cially evident to pupils who make “star trails” by making time ex- 
posures of the night sky centered about the North Star. 

The property of a circle that keeps it from changing if its radii do 
not change is used in the construction of wheels. Formerly all wheels 
had spokes that would resist compressive forces; these had to be heavy 
to avoid buckling. More recently it was realized that if spokes could 
resist only tensile forces the wheel could not change shape and the 
spokes could be much lighter. The two types of wheels can be dem- 
onstrated with rims of cardboard and spokes of dowels and thread re- 
spectively. 

The ellipse. The term “ellipse” is used commonly in describing the 
paths of planets but pupils have only a vague understanding of what 
an ellipse is like. They may construct an ellipse with the aid of two 
pins and a loop of string as shown in figure 18. They should experi- 
ment with the effects of shifting the positions of the pins and changing 
the length of the loop. 



FIGURE 18. Method of construct- 
ing an ellipse with two pins and a 
loop of string. 


Siring otioehed 



FIGURE 19. Method of conslruct- 
ing an approximation of the spiral 
of Archimedes, using two pencils 
and a piece of string. 



518 


Making the most of the science program 


Textbooks tend to distort the elliptical path of the earth’s orbit to 
the point that pupils have confused ideas about the relative distances 
between earth and sun at different times of year. If pupils try to 
make a scale drawing of the earth’s orbit they will find that the two 
pins must occupy almost the same point, the ellipse being so near a 
circle in shape. 

The spiral. In the study of phonograph records pupils will encounter 
the spiral. An approximation of the spiral known as the spiral of Ar- 
chimedes can be made with two pencils and a piece of string as shown 
in figure 19; the spiral is not exactly true because the center is con- 
stantly shifting around the circumference of the pencil but pupils can 
grasp the general idea of a uniformly clianging radius. Spirals will also 
be found in reels of film and tape. 


0 F M C 



FIGURE 20. A logarithmic spiral. To construct geometrically the approxima- 
tion of a logarithmic spiral, con$tiuct a rectangle ABCD, ttith sides Jiouing 
the ratio 1.618:1. Divide the rectangle into a square AEFD and its recipro- 
cal rectangle EBCF. Divide the latter into a square and its reciprocal Tec- 
tangle. Continue to divide the reciprocal rectangles thus formed in the same 
fashion. The points ABCFGK lie on a logarithmic spiral. 

If the radius of the curve changes at an ever increasing rate, a loga- 
ritlimic spiral may be produced. This curve, often found in living 
things, such as the shells of snails, the heads of sunflowers, and the 
cones of pine trees, is formed as the power of growth increases with 
the size of the organism. Pupils in biology classes may approximate 
this curve by the constructions shown in figure 20, without knowledge 
of algebra. 
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The calauinj. Few iJcoiile notice that the cables of a suspension 
bridge have a very special curve known as the catenary. This is the 
curve assumed uatunilly by a heavy, flexible cable supported at the 
ends. In the catenary, the resultant forces along the cable, caused by 
tile weiglif of (he cable, are reduced to (he least possible value. When 
used for a suspension bridge, the weight of the roadway and vehicles 
is transferred to the cable by numerous vertical strands, each of such a 
length that the catenary is not distorted. In eifcct, these merely add to 
the wciglit of the cable and forces in the calile arc kept at a minimum. 

Pupils may construct tlie catenary by stretching a soft, wc]I->vorn 
clothesline or rope across a blackboard and tracing the curve with 
chalk. If tlicy draw a horizontal line beneath and connect it to (lie 
curve with vertical lines they will have a representation of a suspen- 
sion bridge. 

The arch. v\rches illustrate another application of curves to me- 
chanics. Circular and parabolic arches are most commonly used, the 
latter being tlio stronger. Where beauty is more important than 
strength other types arc used. Pupils may experiment with the arch 
to determine its characteristics. A band of thin steel, such ns is used 
for binding large cartons, will support a relatively small load when laid 
across two supports. But curved upwards and buttressed at the ends, 
it will support a far greater load without distortion. Pupils may also 
make arches of blocks of plaster of Paris to see how masonry arches 
operate. Arches are encountered in nature. Shells of turtles, snails 
and clams are types of arches. A clam shell will withstand a consider- 
able force when stepped on but snaps readily when bent with pliers. 

Triangulation. As soon as pupils are introduced to trigonometry in 
ninth grade mathematics they can be helped to apply it in general 
science. Many questions which arise about determination of distance 
in astronomy can now be answered. 

Even without knowledge of the trigonometric functions, pupils can 
be shown applications of triangulation from t\vo points. They may 
make maps using plane tables, by setting up a table at first one end 
and then the other of a measured base line and taking a series of 
“fixes” on different objects. The point where the lines of sight inter- 
sect on the map is marked as the location of each object. Such maps 
are useful in ecological studies. Applications of the same principles 
can be found in the location of forest fires by fire-tower observers, in 
navigation at sea and in geographic surveys. 

An interesting application is seen in the field of radiology. The prob- 
lem in treating internal cancers is to provide radiation of sufficient 
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intensity to kill the cancer cells without damaging surrounding tissues. 
Two sources of radiation may be used, neither powerful enough to 
damage tissue but each beamed at the cancerous tissue. Where the 
beams intersect, the intensity of radiation is sufficient to kill the cancer 
cells. 

Three-dimensional figures. Pupils are given brief experiences with 
such common solids as cylinders and cubes in the junior high school 
mathematics program, but their knowledge of the properties is not ex- 
tensive. They can learn much more through the study of common 
applications. 

The cylinder. Pupils wll have noticed without questioning the ex- 
tensive use of cylindrical containers for liquids and compressed gases. 
They can be shown that for a given amount of material the cylindrical 
container has the greatest capacity— barring the spherical container 
which is difficult to construct— and is easiest of all to construct. Even 
more important, however, is the strength of this type of container. 
Outward thrusts are converted into tensile forces around the walls, 
forces which thin metal can withstand best without distortion. Out- 
ward thrust on the walls of a rectangular container produce a bending 
force which thin metal cannot well resist, and the walls bulge. Enor- 
mous forces are simultaneously exerted on the corners of the container. 
The stability of a cylindrical container can be demonstrated by filling 
a canvas water bucket with water; it then becomes rigid and main- 
tains its shape because of the uniform distribution of tensile forces in 
the canvas. 

The special properties of hollow cylinders, used so extensively in 
construction, have many applications in biology. 

iiiss Starkweathet dUected each pupil to roll a sheet of notebook paper 
into a hollow cylinder and secure it with plastic tape. She then asked the 
pupils to jind out horn many hooks their tubes would hear in an upright 
position. Pupils were amazed at the loads. 

Miss Starkweather pointed out that for a giuen amount of material the 
greatest strength is provided bij I'ncorporafing it info a hollow cylinder. She 
applied the principle to the stems of quick groun'ng plants such as bamboo, 
and illtistraled her point with a length of bamboo and a cylinder of wood of 
equal weight. She asked her pupils to took for similar examples and bring 
in for study the stems of such plants as corn, hollyhocks, cow parsnip, and 
goldenrod. 

The hexagon. The hexagonal containers built by honey bees should 

certainly be studied when the insects are studied. Bits of honey comb 
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may be examined and tlie structure of the cells noted. Making draw- 
ings helps to point out the special characteristics most eifectively. 
Pupils will quickly realize that only hexagons and squares permit sucli 
close grouping. Then a little simple inalhcmalics will show that the 
hexagonal form uses less wjix than the square. 

Cnjslals. Natural crystals exist in a bewildering variety of shapes. 
Stmly is furllier complicated by distortions and tendencies for inter- 
growth. Orderly thinking about cr)’stals is promoted by the study of 
models. 

Beautiful models can be construclcd by joining sheets of clear plastic 
with transparent cement or transparent tape. Axes are indicated by 
lengths of colored thread passed through iiolcs in the plastic and 
cemented in place. Crystals may he carved more easily and this carv- 
ing can he made part of a laboratory c-xercise in earth science. The 
pupils begin with cubes of potato or plaster of Paris, By truncating 
the comers they produce a duodccahedron. Continued truncation pro- 
duces other forms. 

The helix. Of nil the many other figures, only the curve known as 
the helix will be mentioned here. The helix is extensively used in 
coiled springs. When a load is applied to a coiled spring, a twisting 
torque is applied along the length of the rod making up the spring. 
Steel distorts readily under a twisting torque and permits the coil to 
lengthen or shorten, depending upon the way the load is applied. 
Thus the high elasticity of steel can be utilized to lessen shocks in a 
way that would be impractical olhenvise. 

Some plants, notably the grape vine, use the same principle in their 
tendrils. Tlie tendrils “give” as the wind blows and then pull the vine 
back in place. 

Leaf arrangement on twigs have a helical pattern. It is very evident 
in the arrangement of the needles on spruce twigs. It can be seen on 
hardwood twigs by tying a thread to one leaf base and passing it from 
leaf base to leaf base up the twig. Even on a potato, which is a modi- 
fied stem, the helical arrangement can be shown by inserting tooth- 
picks in the “eyes” and passing a thread from toothpick to toothpick. 

The helical pattern of leaf arrangement varies with species, and the 
pattern is described in terms of “divergencies.” A twig with opposite 
leaves is said to have a divergency of ^ because a line drawn from 
leaf base to the next above (around the t\vig) would go only half way 
around the twig. The divergency would be i if the line went one- 
third of the way around. Known divergencies follow the series b 
h so on. Note the relationships of the numerators and de- 

nominators; the sum of two successive terms equals the next. 
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ture measurements. Pupils are required to write both values, one in 
parentheses. Thus they automatically gain an idea of the relation- 
ship. The outcome is certainly worth the added cost. 

Pupils will always discover the conversion formulas but these should 
not be taught deliberately. They have value only to the specialist who 
makes frequent conversions. They are learned with difficulty and for- 
gotten with ease. Pupils should be shown how to draw two scales 
side by side with freezing and boiling points coinciding, and work out 
any needed conversions directly. This they can never forget if they 
know both systems to start with. 

Formulas and equations. Science teachers commonly complain that 
their pupils do not know algebra. Sometimes this is true, pupils who 
elect only general mathematics have so little work with equations 
that their experience can be discounted. However, pupils who elect 
elementary algebra can deal with most of the linear equations that 
are developed in any realistic physics problems. Those who elect in- 
termediate algebra can handle most of the quadratic equations that 
arise. What teachers mean, when they complain of pupils' abilities, 
is that their pupils do not know how to apply algebraic processes to 
the situations they encounter in science. It is the science teacher’s 
responsibility to help them make these applications. 

It is to be feared that science teachers do not always understand 
the mathematics they employ, or if they do they are so eager for results 
they take short cuts without proper explanations. 

‘7 don’t see how you can multiply pounds times inches,” said a ninth grade 
girl during work with levers. 

"Well, you can!" snapped her teacher. "See! I fust did it.” 

This teacher’s tart remark amused the class, embarrassed the girl, 
and exposed his own ignorance. Multiplication, as a form of repeated 
additions, permits no such hybrid joinings. But science teachers em- 
ploy them constantly in “solving” problems. 

Formulas, as the most used mathematical devices, are also the most 
abused. Too often pupils are required to memorize the formulas, 
apply them mechanically, and work out solutions blindly, even im- 
properly, as was just described. The pupils are thus able to give a 
show of competence, but their competence is a thin shell that bears 
no weight. 

Whenever possible, formulas should be developed inductively from 
data which the pupils collect themselves, organize to discover rela- 
tionships, and express in their own ways. The pupils then know that 
the formula is but a short way of expressing a relationship and they 
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